1.1 The force, F, of the wind blowing against a building is given by 
Е = CppV? A/2, where Vis the wind speed, р the density of the air, 
A the cross-sectional area of the building, and Cp is a constant (еппей 
the drag coefficient. Determine the dimensions of the drag coefficient. 


F = C oV A 
or 
Съ 22F/e VA , where Е = МАТ"? 
о = mL" 
EON Кош 
Thus, A +L 
Co =(MLT*)/[ (ML? LT FA] = M LT? 


Hence , Cy is dimensionless. 


/.2 


1.2 Verify the dimensions, in both the FLT and MLT systems, 
of the following quantities which appear in Table 1.1: (a) vol- 


ume, (b) acceleration, (c) mass, (d) moment of inertia (area), 
and (e) work. 


: 3 
(A) Volume = L 


(L) acceleration = time rade of change of velocity 
. = шаб 
F Sf 


(t€) mass = M 
or with Еж MIT 


Masel ды 


(4) moment sf inertia (area) = second moment of Area 


= (L201?) = у". 


force x distance 
= Fl 


= 


(e) werk 


[l 


er with F:MLT A 
Werk 2. ^ L* T * 


1.3 Determine the dimensions, in both the 
FLT system and the MLT system, for (a) the 
product of force times acceleration, (b) the prod- 


uct of force times velocity divided by area, and 
(c) momentum divided by volume. 


(a) force x acceleration = (FLT?) = may 
Since F3 ML Жыр 
Р ax a "T 
Force x acceleration = (МІТ JLT = MLT 


(b) Forex velocity . (ELT) 4 pyr 
Area L? ڪڪ‎ ООН 


(мт Mir? a рат 


/,® т=ш= 


(c) omentum _ rmass x йын» 
Vol ume vo lume 


(er*4 Nt T) P к?т 


1.4 Verify the dimensions. in both ће FLT 
system and the MLT system. of the following 
quantities which.appear in Table 1.1: (a) fre- 


quency, (b) stress. (c) strain, (d) torque, and (e) 
work. 


(2) Freguency = 


(5) stress = 


crea 
Since Fz M1 pe 


-2 
ra . - a 
Stress = we = MIU 


L^ 


(с) strain = Charge "a feng? os ы [e dimensionless) 
length А EN 


(d) Perque = force х distance = EE 
> (м177)(1) = мі?т 


(€) work = Тонге « distance = 24 
= (LT WL) = mer? 


1.5 
what аге the dimensions (in the MLT system) of 


(а) au/at, (b) à^u/àxat, and (c) f (au/ar) dx? 


(4) 


If u is a velocity, x a length, and га time, 


CP И ам 
Y 
Zu ash ug v3 
2, òt (LXT) mo 
fra а) as p'r 
а 


1.6 — If p is a pressure, V a velocity, and p a fluid density, 
what are the dimensions (in the MLT system) of (a) p/p, (b) 
p Vp, and (c) p/pV?? 


"PS P 
tali + prem 


(a) xs 


ij 779. 
0) pps биста) (ит) (мг?) ML T7 


) P ЄЛ мит 
PY diez С жм 


ae! AT Ce dimensionless ) 


[C 


1.7 If V is a velocity, € a length, and v a fluid property (the kine- 
matic viscosity) having dimensions of L?T~', which of the fol- 
lowing combinations are dimensionless: (a) Vv, (b) V£/v, (c) Vv, 


(d) V/6v? 


(a) VvV = (L T7) )t2 r7 = {у (aad dimensionless) 


uh ME а Aer) pepe 


7 "EY ни f mensis M 


je) yy 3 0.77) Пы!” jer ye руунун 


@) RR Шу, 


Av (Lit TT) — 


P 


m А hot dimensionless ) 


1.8 If V is a velocity, determine the dimensions of 2, a, and С, 
which appear in the dimensionally homogeneous equation 


V-2(a-1)*G 


V= Z (х-1) +6 


[uv] = z][x-] + [6] 


Sy nce. each term in The &guation must have 
the same di mensigns, (Zo follows that 


Ze qp 


cL = FPL T? (С dimensionless smie Combined 
with a number) 
LT! 


],d The volume rate of flow, О, through a pipe containing a 
slowly moving liquid is given by the equation 


_ TR'Ap 
81. 


where R is the pipe radius, Ap the pressure drop along the pipe, 
ша fluid property called viscosity (FL ?T) , and £ the length of 
pipe. What are the dimensions of the constant 77/8? Would you 
classify this equation as a general homogeneous equation? 
Explain. 


vesper 


LT s per? 


The Constant тт /% Is dimensionless and 


the eguation i3 а. General homogeneous 


CRuatidn That is valid in any Consistent 
unit system. Yes. 


(=$ 


1.10 ^ According to information found in an old hydraulics 
book, the energy loss per unit weight of fluid flowing through 
a nozzle connected to a hose can be estimated by the formula 


h = (0.04 to 0.09)(D/dY V? /2g 


where Л is the energy loss per unit weight, D the hose diameter, 
d the nozzle tip diameter, V the fluid velocity in the hose, and 
g the acceleration of gravity. Do you think this equation is valid 
in any system of units? Explain. 


4 = (0.04 4o 0.09) (a) 


fel [o] EM C) 
Dos EXT b 0.09) [L | 


Synce each term in The €gua tion must have the 
Sarne dimensions, the constant term (0.04 40.09) must 
be dimensionless. Thus The фа а. туду /5 a Jeneral 


hem o geneous €f uation That is Valid pu any system 
of анъ. Yes. 


1.11 Тһе pressure difference, Ap, across a cosity (FL^?T), p the blood density (ML~?), D 
` partial blockage in an artery (called a stenosis) is the artery diameter, A, the area of the unob- 
approximated by the equation structed artery, and A, the area of the stenosis. 

~ AV i Determine the dimensions of the constants K, 
Ар = K. D * Kk, and K,. Would this equation be valid in any sys- 
tem of units? 


rec) = [ly] e] e] EFE} 
«c3 «Tre + JE 


Since each term must have the same dimensions, 

К, and K, are dimensionless. Thus, the equation 
is a general homo geneous €4 uation That would be 
Valicl (n ang Consistent system of units. ee 


АСГА 


Dd. 
P uk] 


1.12, Assume that the speed of sound, с, in a Яша depends 
on an elastic modulus, £,, with dimensions FL~?, and the fluid 
density, р, in the form c = (E,)*(p)”. If this is to be a dimen- 
sionally homogeneous equation, what are the values for a and 
b? Is your result consistent with the standard formula for the 
speed of sound? (See Eq. 1.19.) 


ыг (En 


Smii c3LT! Ж SE P= FL'*r? 


ISTE [1 [8] M 
= 


For ^ climensionally homogeneous efuatiøn each +erm 
/h The equation must have The same dimensions. Thus, 
the right hand side of £3. (1) must have The dimensions 
of LT. There fore, 
Als (аселе ЁЗ 
2) =-1 (to satisty Cond ton ои Г) 
Lat¢¥b=-! Cte ats ty Conditron on L) 
Id de touts That ass ond zad 


So Theat "P ГЕ, 
| | M P 

Thi result Is Consistent with The stindard Жутић hr the 

Speed ef sound, Yes. 


1.13 А formula to estimate the volume rate 
of flow, Q, flowing over a dam of length, B, is 
given by the equation 

О = 3.09ВН?? 


where Н is the depth of the water above the top 


Q- 30? Вин“ 
tes 


T7] 


of the dam (called the head). This formula gives 
О in f/s when B and H are in feet. Is the con- 
stant, 3.09, dimensionless? Would this equation 


be valid if units other than feet and seconds were 
used? 


Bod” 
[304] [LT 


Since each term in the eguation must have the same 
dimensions The constant 3 04 raust have dimensions 
of LOT! and is therefore not dimensionless . No. 
Since the constant has dimensions its value will change 
with a change in units. No. 


1.15 Make use of Table 1.3 to express the 
following quantities in SI units: (a) 10.2 in./min, 
(b) 4.81 slugs, (с) 3.021b, (d) 73.1 ft/s, (e) 0.0234 
Ib-s/ft.. 


: : -2 
(A) /02 x - (e2 in ) (asso ME 
= -3 m 
= ge ei 4 422. Gne 
(b) 48) slugs= (sei slugs ) (4459 £10 24 )- 70, 2 4 


(e) 302 % = (Zork )( vvv К) = 1344 


LN /5- 5 
(€) 0.023% - (0. разв “=. 


дд? 


1.16 Маке use of Table 1.4 to express the 
following quantities in BG units: (a) 14.2 km, 
(b) 8.14 N/m’, (c) 1.61 kg/m*, (d) 0.0320 N-m/s, 
(e) 5.67 mm/hr. 


(a) 142 km = (42x10 ы) ( 5ге! ы #&& x 10! tt 


б): £m Ж, = (#16 M ) (6 30620? ES spei d, 


"a 


Б Ju _ 
(c) / 64 #4 > (e1 i ) (1, 940 x10 ы 7E )- 3 12 <10 Slugs 
= тато шз 


m > 


Mem | -1 d 
(d) 0.0320 P (o. 0320 cm) (2 376 x 10 3 ) 
№. 


——~ 


1 5 
7.36х10 Ж Hos 


= (вали? ™) (аот) (1 ) 


5200 5 


6 
5,17 x45 £i, 


1.17 Express the following quantities in SI units: (а) 160 acre, 
(b) 15 gallons (U.S.), (c) 240 miles, (d) 79.1 hp, (e) 60.3 °F. 


- HE -2 W 
(a) ILO acre = (160 acre)(435b x 0* == (9,240 x10 £z 
6.47 x 105 т? 


(b) {к gallons = (is allons Xs. 785 = jin )( n 


e 5.3 
jal (= 56,8 XID т 


Leter 


CC) дуо тг = (240 mc)( 5280 2 SITE م‎ 38b x10 m 


di 
(A) чя. ] hp = (79.1 hp)(s50 cs Js £) 5 4b X10 E 
hp 


and 132 |W Se that 
79.1 hp = 5, 90 x10 W 


ce) Т = - (ln 92) = 157°C 


sx C-22 = X341 


1.18 For Table 1.3 verify the conversion re- 
lationships for: (a) area, (b) density, (c) velocity, 
and (d) specific weight. Use the basic conversion 
relationships: 1 ft = 0.3048 т; 1 Ib = 4.4482 N; | 
and 1 slug = 14.594 kg. 


(2) | ft- - (1 £4 Jason o 3- 0.09490 т? 


Thus, rultipl, {t by 9.240 Е-2 to convert 
fo m>. 


бос) / EC 


mr IE De onsa B 2. 3046) m 
Ч O, 3048 


fe? Ft? 


Thus, multi ply slug/ Еі? by 5/50 E+2 do convert 
to RG Ит 3 


ce) [ s Е (| ft) (о 3049 22 )- Q 304p 2" 


Thus, multiply ft/s by 3.048 E-l % convert 
to m/s. 


- (138 ) @ жез £ P | 


zs 


Thus, multiply /L/ £13 by [57/ Et? de» convert 


h 
wif 
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For Table 1.4 verify the conversion re- 
lationships for: (а) acceleration, (b) density, 
(c) pressure, and (d) volume flowrate. Use the 
basic conversion relationships: 1 m = 3.2808 ft; 
1N = 0.22481 lb; and 1 kg = 0.068521 slug. 


1 m )( 3.2508 8 s 3,281 E 
Thus, rrultiply m/s? 
fo  ft/s?, 


(b) | EE. (Be ; Yo. 029521] Ld rm ] 


(3.2208) FE? 


by 5.2101 Ёо Convert 


J -3 slugs 
= |. #0 x10 223 


Thus, multiply Ry n? by [440 E-3 to 


to slug/ ft 3, 


Con vert 


N РР ЫИ 
с) | N (в. 2248] 22 КГ Y" 


us 2.081 LID” E 
Thus, multiply N/m? 


to ЬЕ, 
(4) | йй? ы ¢ a 3485; £t? 
No. St m ? 5 


ТЬ 45, mult iply 
to 13/5. 


2.089 E-L to Convert 


ms by 3. 531 E+| to convert 


1.20 Water flows from a large drainage pipe at a rate of 
1200 gal/min. What is this volume rate of flow in (a) m/s, (b) 
liters/min, and (c) 62/57 


(a) | es 
flowrate = (1220 99; ) (6.309 х1 = ) 
Gal 


= 757 ant fies Am? 
$ 
—— 


ЕЕ ы =! [07 m3, 


/ 


flowrate = ( 757 qo ae?) ( 10" liters) Qos) 


liters 
mim 


= 4540 


(€) flowrate = RB CGC 


ещ 
= Al X 


———M—— 


р“ 


Fear) 


1.21 Ап important dimensionless parameter 
in certain types of fluid flow problems is the Froude 
_ number defined as V/ Vel, where V is a velocity, 
g the acceleration of gravity, and La length. De- 
termine the value of the Froude number for V — 
10 ft/s, g = 32.2 ft/s’, and l = 2 ft. Recalculate 


Гр 86 anits, 


ro £E 


У > 
1^ багат) 


In SÍ units: 


Q 


the Froude number using SI units for V, g, and 
(. Explain the significance of the results of these 
calculations. 


Il 

> 
№ 
Ui 


"iz (io Lil ) Ca, $049 = 3.05 pl 


Ты СД? 


J = (24) (0.3048 т). Oblom 


ft 
am 
s 


The value of a dimensionless parameter /5 


ги de pendent eí The 


unit system. 


1.23 A tank contains 500 kg of a liquid whose specific gravity is 
2. Determine the volume of the liquid in the tank. 


m= oV = 560,0 V 
Thus, 


а т/ (5% бу) = 500kg /(02)(998 % )) 


= 0:250 m? 


1.24 Clouds can weigh thousands of pounds due to their 
-+ liquid water content. Often this content is measured in grams | 
СТ. per cubic meter (g/m?). Assume that a cumulus cloud occupies ~ 
` a volume of one cubic kilometer, and its liquid water content | 
is 0.2 g/m. (a) What is the volume of this cloud in cubic ГЕ | 
= ~~ miles? (b) How much does the water in the cloud weigh in a LL 


1 H = оя. a2 H2 iv? 44 (as) 2 T eti 
LEAL Hi гаі (o т?) = ба x10" N 
HH ЧН x“ A 24% xI EXE ILL x10 Ib 
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1.25 А tank of oil has а mass of 25 slugs. 
(a) Determine its weight in pounds and in new- 
tons at the earth's surface. (b) What would be its 
77 mass (in slugs) and its weight (in pounds) if lo- 
' cated on the moon’s surface where the gravita- 
tional attraction is approximately one-sixth that 

at the earth's surface? 


(A) weight = mass x 2 


M 


(25 slugs ) (2224€). Sos @ 


11 


(25 sugs )(®.7 SE ) (78! 25)" 3580'W 


(2) mass = 25 slugs (mass does not depend on 
gra vitatione! attraction ) 


weight = (us dubi dde =) == 35 ld 
БЕ لے‎ 


1.26 А certain object weighs 300 N at the earth's surface. 
Determine the mass of the object (in kilograms) and its weight 
(in newtons) when located on a planet with an acceleration of 
gravity equal to 4.0 ft/s?. 


weight 
A 


$02 Moris 30.6 kg 
73) 22 eem 


for gq = to HL» 
weight = (30.6 kg (#0 # (2 3048 =) 
25.23 3. AM 


(Mass = 


1.27 Тһе density of a certain type of jet fuel 
is 775 kg/m’. Determine its specific gravity and 
specific weight. 


= 01775 


& TTA ÉN 
<2) (48 @)= 160 2 


2 m? 


[- 2.2. 


1.28 А hydrometer is used to measure the specific gravity of liq- 
uids. (See Video V2.8.) For a certain liquid a hydrometer read- 
ing indicates a specific gravity of 1.15. What is the liquid's den- 
sity and specific weight? Express your answer in SI units. 
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L2Q Ап open, rigid-walled, cylindrical tank contains 4 ft? 
of water at 40 °F. Over a 24-hour period of time the water 
temperature varies from 40 °Е to 90 ?F. Make use of the data 
in Appendix B to determine how much the volume of water will 
change. For a tank diameter of 2 ft, would the corresponding 
change in water depth be very noticeable? Explain. 


Mass of water F Pf 
where V. is The volume and Ø The denstu. Jince The 
mass mast remain Constant 25 The Lem perature e hanges 


bot tor rne 2 


From Table 8.1 Á, E / G40 Eur 
22 37. 


- Slugs 
Да, € gore 7 ^??! TE 


Therebre юн 24. 42 / 
ر‎ slugs 
T. (4 42 )(/, 940 LT? ) = "n. £3 
fp 143] Ec 
Thus, The racrease (m volume /5 E 
4 0194 — ^ ooo = О, 0104 FE 


The Change 1# Lu «dev depth, 44, 4 и! Je 
"n AY оо 


area ыч GFE)? 


This Small change (à dephh would mot be very 
hoticeable, No. 


-3 ; 
= 5,124) f= 0.0110 in. 


Mote: 4 slightly different value for АЙ wili be obtamed 
If Specific weight of water 15 used rather Than density. 
This 13 due fe The fact Thot there i some uancertunt, 


In The tourh significandi Figure of These, two Values, and 
the Solution s sensitive to This uncertainty. 
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1.31 A mountain climber's oxygen tank contains 1 lb of oxygen 
when he begins his trip at sea level where the acceleration of grav- 
ity is 32.174 ft/s, What is the weight of the oxygen in the tank 
when he reaches to top of Mt. Everest where the acceleration of 
gravity is 32.082 ft/s? Assume that no oxygen has been removed 
from the tank; it will be used on the descent portion of the climb. 


W = mg 

Let ( ), denote sea level and ( )y, denote the top of Mt. Everest 
Thys, 

ЖЫШ =m, д; and 


Wate 7 Mne Ime 


However LEE 


И, 
fne 


32,082 M/s? 
| Ib 32.174 {УЕ = 0.497) lb 


so that since m = ¥ , 
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1.32 The information on a can of pop indicates that the can 

. contains 355 mL. The mass of a full can of pop is 0.360 kg 
while an empty can weighs 0.153 N. Determine the specific 
weight, density, and specific gravity of the pop and compare 
your results with the corresponding values for water at 20 °С. 
Express your results in SI units. 


Werght of £/ui dl C) 
Volume of Тиг] 


ota | Weight = Massx g = (0.369 £4 (981% ) = 1220 
weight ef соп = 0 [53 М 

Volume of Fluid = Gean 07072-2") 555010 т? 
Thus, trom By) 


y= 262M = 0.153 М _ 97% E 
ттер он наш Ли 


55X10 “м 
if à 
Жы: 7.8] от = 


4 
E = 7% a = 0.996 
ос lom kg 


56 


Por halm al 20°C (see ТАМЕ on Appendii B) 
= Р з = ‘ = Lg : = 
Р. a ih, 762 j Ihan 
A Comparison of These Values fr Water with These 
for The pop shows That The specie Weight, 


density, Gud gpeciAc gravity of The pep are a// 
Slightly lower Than The Corresponding Values for water 
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"1.33 The variation in the density of water, p, with tem- 
perature, T, in the range 20°С < T s 50°С, is given in the 
following table. 


Density (kg/m?) | 998.2 | 997.1 | 995.7 | 994.1 | 992.2 | 990.2 | 988.1 
Temperature (°С)| 20 25 30 35 40 45 50 

Use these data to determine an empirical equation of the form 
p = с + cT + cT? which can be used to predict the density 


over the range indicated. Compare the predicted values with the 
data given. What is the density of water at 42.1 °C? 


Fit The data to а Second order Pslynomia | 
asing 4 St#ad@rd Carve-Fittiag Program such 
Gs found іп EXCEL, Thus, 


Гы = /o0/-— 0.05297 ~ 0.004) FT 01) 


As Shown yn The ае below , م‎ (predic ted ) 
trom 297.0) IS Jù Qe Agreement with 2 (gen). 


р, Kg/m^3 р, Predicted 


At Te 92.1 °С | | 
х 2 
Ез sais (эз.у*є]- соочи 621°) = 915 25 
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1.3% If 1 cup of cream having a density of 1005 kg/m’ is turned 
into 3 cups of whipped cream, determine the specific gravity 
and specific weight of the whipped cream. 


4 
Mass of cream, m = (7 oor ЁЁ ) x Um ) 
where Y ~ Volume. 


Since müde T Cubs 
Cream 
fa Whipp of he 
ады JEN (loos т 3 nant 
c Yea m ‘a шты жє 2 ERE 
3 Cups ^^, Cups 
A 
| 005 PET 
| 5 ^m ? 


oo 335 +4 
fm > 


© P E сеен | а 
° Re 
" @ tc Годо 5 


ГИС eae в ИИ х = (335 38 (agi 2) 


Cream 


Cream 


N 


= “т А 
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1.36 


1.36 Detennine the mass of air in a 2 m? tank if the air is at room 


temperature, 20 °С, and the absolute pressure within the tank is 
200 kPa (abs). 


m =eV where V =2 т? and 


= p/ RT with Tw 2t = (20 +273)К= 293K 
and f = 200 Кра = 200x10 №, 


Thus, 
Q = (200x поз [ (2.869 худ’ 1600243 К) | 
= 2,38 9 
т 
Непсе, 


т =0V= 2.38 t$ (2 т?) = 44 74 kg 
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1.37 Nitrogen is compressed to а densitv of 
4 kg/m? under an absolute pressure of 400 kPa. 
Determine the temperature in degrees Celsius. 


7 Ww 
o 4o0x/D = 
] => Е. = ут > = 337 K 


PR 4 
(* pi) Pte) 


= 2 -273 = 337% - 273 = 64°C 


1.38 The temperature and pressure at the surface of Mars 
during a Martian spring day were determined to be — 50 °C and 
900 Pa, respectively. (a) Determine the density of the Martian 
atmosphere for these conditions if the gas constant for the 
Martian atmosphere is assumed to be equivalent to that of 
carbon dioxide. (b) Compare the answer from part (a) with the 
density of the earth's atmosphere during a spring day when the 
temperature is 18 °С and the pressure 101.6 kPa (abs). 


a 


N 
тт 


(1824, ges 2 | C5 Ce 213) 


900 


зм 
(Ь) E - isa: fm? 5 
Carth Cr) (@ +273) k | 


Thus, 


rm 
м7 


1.39 A closed tank having a volume of 2 ft is filled with 
0.30 Ib of a gas. A pressure gage attached to the tank reads 12 
psi when the gas temperature is 80 °F. There is some question 
` as to whether the gas in the tank is oxygen or helium. Which 
do you think it is? Explain how you arrived at your answer. 


Г _ weight 9804 
Density Ё Gas An tank a E Я X volume (222 ft )® f?) 
S> 


-3 
Slugs 
ALL X 10 LL 


Since p 2 with p= (i2 v 1+7) рэг. 


( atmospheric Pressure assumed # be % 167 psia ) 
and with T (oF т 0) R Æ ls tht 


Ib in 
Й (247 ine бе) _ 72/2 slugs (у) 
P. (SHOR) E de 


Prem Table 17 = 1&5 kx 10" for ex«44en 


net (Cs ег? JE Ay helium. 
Slug : je 


Thus, from Eg.) i# the Gas is Oxygen 


ы A/Z slugs жы, 
M A = „Х/ф slug 
d A559 X413 A 7 {#3 


gna tev helium Р 
LE Z/a = 5,73 X10 tits 
126210 * 


4 Com parisow of These Values with The actual density 
of tne Gas in The tank Indicates That The 


Gas nust be Ok y gen. 


] «94 


1.40 A compressed air tank contains 5 kg of 
air at a temperature of 80 *C. A gage on the tank 
reads 300 kPa. Determine the volume of the tank. 


27174595 
volume = i Ж 


ka 


m? 


= Р. „ (Beo + rol) эз = 54 
RT (28.927 (rtv 22] 
2K 


EA МИНИ = Lee gn? 


volume = = 
29, ft 
m3 


„Н! A rigid tank contains air at a pressure of 90 psia and 
a temperature of 60 °F. By how much will the pressure increase 
as the temperature is increased to 110 ?F? 


EE {ттт 
qme EH IESE O we Сез. 1. 8) 
| 


Fer & rigid closed dank The alr Mass and 


Volume Are constant Jo f= Constant. Thus, 


from E € Er 4 g (is д4 R constant) 

| | | ty + | fe =| | 
ERE pE Da ri = 60 oF жо = 520°R 
and m à M0°F tor = 570 £. rer Ez. C) 


ЕЕ уре \ 7 | | 
Er = aed An T — ) (np яга) = 7.7 psia 
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1.42 The helium-filled blimp shown in Fig. P1.42 is used at var- 
ious athletic events. Deterinine the number of pounds of helium 
within it if its volume is 68,000 ft? and the temperature and pres- 
sure are 80 °F and 14.2 psia, respectively. 


W=¥V where V «68, oooft and d< CF = (P/RT) 9 
Thus, 


a= [92 Ё, (144 at x SE, (возо) 0 7 ‚В. 


= 9,82 x)0° SL ( Ь/(з9 1/59) = 9, 62410 dis 


Hence, 
W = 3.62171 (Ge oof) = 668 Ib 
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Master Typing Sheet 
10% Reduction 
8 1/2 x 11 trim «ize 


KE 


(abs). 


і! 


Е dra id | p3 


| | | where $ m absolute 


ини ROR Then 
ЕЕЕ E eE 


| 
ETSI Ej This program calculates 


er i ы: gas : 


p= pet 
pee 


Г] *1.43 Develop a computer program for calculating the density 
- of an ideal gas when the gas pressure in pascals (abs), the tem- 

i perature in degrees Celsius, and the gas constant in J/kg - K are 
specified. Plot the density of helium as a function of temperature 

from 0 °С to 200 °С and pressures of 50, 100, 150, and 200 kPa 


ds- absolute temperat Г, 


| 
L3 


the densi 


of an ideal gas 


| 

estre R Wein CAs aa and T 
re. Thus, 1£ The tempe һа ture 

HEEE | | 

SE 


when the absolute pressure in Pascals, the temperature 
in degrees C, and the gas constant in J/kg-K are specified. 


, [То use, replace current values with desired values of 


temperature, pressure, and gas constant. 


ELLER С D 
эл Pressure, | Temperature, Gas constant, | Density | Z | 
БЕ Pa °С Jikg-K kg/m? 
| | | 15 2869 123 | Row 10 


АЕН 


Formula: 
=A104(B10+273.15)*C10) 


E ERE ГАЗ 
HERE E E 


Г] 


and | 


Pet 


fr : p= PSI р, бшшш: 
Rs ET Ју К 


J/kg K 


,| Gas X Im Desi 
= 


A apt (ece pro rogram for caleu latins 2 АШАН 


The densily of helivm jis plotted inthe graph below. 


Density of Helium 


p = 299 kPa (abs) 


= 150 


= [00 


50 


1.45 For flowing water, what is the magnitude of the velocity gra- 
dient needed to produce a shear stress of 1.0 N/m”? 


where 4 = 112 107° 2 апа t 210% 


z 1.0 ША 
LI2x 192 №5 
№ 2- 


= 993 = 


1.46 Make use of the data in Appendix В to determine the 
dynamic viscosity of glycerin at 85 ?F. Express your answer in 
both SI and BG units. 


2 (т. -32)= £ (усер -32) = 25 c 


From Fig Bl in A ppendiz B: 
^ кн, ай PSF (25996)) = 0.6 VS (Sr units) 


E. ттт 
A eie I ) 43/0 es 5" (BG nik) 


fm > 
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1.47 Опе type of capillary-tube viscometer is shown in 
Video V1.5 and in Fig. Р1.41. For this device the liquid to Glass 

be tested is drawn into the tube to a level above the top strengthening 
etched line. The time is then obtained for the liquid to drain ف‎ 

to the bottom etched line. The kinematic viscosity, v, in m/s 
is then obtained from the equation v = КА“; where К is a 
constant, R is the radius of the capillary tube in mm, and f 
is the drain time in seconds. When glycerin at 20°C is used 
as a calibration fluid in a particular viscometer the drain time 
is 1,430 s. When a liquid having a density of 970 kg/m? is 
tested in the same viscometer the drain time is 900 s. What 
is the dynamic viscosity of this liquid? 


Etched lines 


V= & e*t m FIGURE ine 
For д/усенл @ 20% V= 11900 m4 
5 MITH mA = (Кезо s) 
kE 8.32x)0' at 
For unknown ligurd with t= 700s 
“Дт x 22x10 т?/52) (2oo s ) 
= 749 x1 * m*/s 
Since Jee > 
(ато tefa) (149 xw f т\л 


= 0.7277 2% = 0717 №5 
fm: 5 m 2 


I 
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| 1.46 The viscosity of a soft drink was determined by using 
mec a capillary tube viscometer similar to that shown in Fig. P1.47 
L| and Video V1.5. For this device the kinematic viscosity, v, is 
directly proportional to the time, г, that it takes for a given 
amount of liquid to flow through a small capillary tube. That 
is, v — Kt. The following data were obtained from regular pop 
and diet pop. The corresponding measured specific gravities ` 
are also given. Based on these data, by what percent is the 
absolute viscosity, р, of regular pop greater than that of diet 


pop? 


Regular pop Diet pop 
ГЇ 5) 377.8 300.3 
SG 1.044 1.003 


Mre Tiet 
EE 
“See Dah, шш 
72 Жейрен — — yt 


dtd Adm 
of greater = ые 


% qreeber = 


x loo 
i E E 


Е EO 05 


1 


ее‏ ا ا ا ل ИМИ‏ لبا 


1.49 Determine the ratio of the dynamic vis- 
cosity of water to air at a temperature of 60 °С. 
Compare this value with the corresponding ratio 
of kinematic viscosities. Assume the air is at stan- 
dard atmospheric pressure. 


From Table 32 f» А ppendiz B: 


= n LAS. 
(for water at фе“) Pa = 4665 x10 "Ms 1 = 4.745 x10 a 


From Table &.4 in Appendix B: 

- >F 2 

(fr air at 60°C) JA = 147410 E ) V= 18 X Io = 
Thus, ES 

Mmo _ 666 х10 _ 4 


3.7 
Kar L9 «1875. 


-7 
Ving „ AIMXÓO . apra? 
74» /. 85 x1075 pL 


fra? 
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1.80 The viscosity of a certain fluid is 5 х 
10-* poise. Determine its viscosity in both SI and | 
BG units. 


dd Ms 


From Appendix ES fo = / poise, Thus, 


«feni "pee ) (157 BA Jw pant м 
TH fe 7729 ss re odi 


and From Table LX 


= -5 M. [à de АГ: 
pe = (5 o? MS) (4,084 x10” ERO) 104500 


1.51 Тһе kinematic viscosity of oxygen at 20 °C 

- and a pressure of 150 kPa (abs) is 0.104 stokes. 
Determine the dynamic viscosity of oxygen at this 
temperature and pressure. 


2A 


Ф + (Бох m? Ё, 
Secale Яма: SRE шее ма ауаг шиг че пашаанын E у; as 
Е (259. im [Се +273) k| es 
| : 
w= 0./o4 stokes = 0/04 f 


ft fe = foros SE) (so m (107 S 


= Р 
= 4.05 х /0 4 E E 
ms 


Master Typing Sheet 
1096 Reduction 
8 1/2 x 1l trim size 


* 
.^L.52 Fluids for which the shearing stress, т, is not linearly 


I---3 related to the rate of shearing strain, ¥, are designated as non- — 
Г] Newtonian fluids. Such fluids are commonplace and can exhibit 
unusual behavior as shown in Video V1.6. Some experimental 
data obtained for a particular non-Newtonian fluid at 80 °F are 
shown below. 


gus r(Ib/ft?) | 0 | 2.11 | 7.82 | 18:5 p 317 
yt 0 50 100 150 200 
Plotthese data and fit a second-order polynomial to the data using 
| a suitable graphing program. What is the apparent viscosity of 
| this fluid when the rate of shearing strain is 70 5717 Is this 
apparent viscosity larger or smaller than that for water at the 
same temperature? 


Rate of Shearing 
shearing stress, 


strain, 1/5 {b/sq ft = 40 ^ 40.0035 Y 
0 0 q 
2 3 | 
н 50 2.11 g 30 | 
400 7.82 $ 20 | 
150 18.5 E 
200 31.7 R10- 
8 0 = 
2 
n 0 50 100 150 200 250 
Rate of shearing strain, 1/s 


EH “the graph T= 0.0008 E^ 4 0.00358 where 
~ T m Те shearing 5 ress d о" and Y ys the rate 
Е на strain Im Sm -Yi 


Pepterer 7 4. оон. aa -0. 0035 ra тани 


ЕНЕН / | | i | | | 
HH op des Wear sins 
Ё | | M eppure = (2)(0.0 0008 5 E = (то 5 J + 0.0035 —— Еле | 


| | Sotto E 


- bos 


Бет КУЕ; Bl Ж ms Ee SEA 178) х10 р, 


Since wacker Ts W wan fluid This valde 157 
/ dependent of x oe 77 unknown on- New £onan | 
RK fluid has a much fier va lue. | - | 
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53 Water flows near a flat surface and some measure- 

[————— ments of the water velocity, u, parallel to the surface, at different 
— — | —— heights, y, above the surface are obtained. At the surface y = 0. 
£ After an analysis of the data, the lab technician reports that the 
—————- velocity distribution in the range 0 < y < 0.1 ft is given by 


и = 0.81 + 92у + 4.1 x 10у 


~ |||; with и in fs when y is in ft. (a) Do you think that this equation 
—- |. would be valid in any system of units? Explain. (b) Do you 
LL. | | think this equation is correct? Explain. You may want to look 


| TTT at Video 14 to help you arrive at your answer. 


es HO. 91 +2. 
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im 
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1.54 Calculate the Reynolds numbers for the flow of water 
and for air through a 4-mm-diameter tube, if the mean velocity 

_ 15 3 m/s and the temperature is 30 °C in both cases (see Example 
1.4). Assume the air is at standard atmospheric pressure. 


For water at 30°C Ctra Table B, 2 ул Appendix В): 


рг 


Ф са oe A^ 
t p= 2927 22, x > L275. x40 E 
HL оа а (9257 2) (3 $) (2.004 m) Tu 
y 7495 «qp * №5 E 
ms т 
БЕ For acr ad Зо'С ( from Table 6.4 ia Appendix B): 
3 4 $ SE AS 
f = 1,168 AL А = [#6 *10 "i 
E Eis pvb. (1.165 26) (3 $)( 62M т) E 
Æ HT I NiS 
в к 
Lo du | aiii 
Е. É- -4 | | aa 
L- asi | IEEE 
| HE 
لاا‎ | - 
| | | | 
ЧЕНЕ ЕРЕЕН 
1 | | 
m H З ae H 
| | 
EHE кш ишш: 
| | | | 
Seanad шн = 


1.55  Forairat standard atmospheric pressure 
the values of the constants that appear in the 
Sutherland equation (Eq. 1.10) are C = 1.458 x 

1075 kg/(m:s-K'?) and 5 = 110.4 K. Use these: 
values to predict the viscosity of air at 10 °С and 
90 *C and compare with values given in Table B.4 


in Appendix B. 
3 + 3 
Я Bats (1.459 x10 hn) PE 
= —— = ! aee 
| T4S — M 1: e 


T + 110.4 K 


DI*jo'C В + ат = eek, 


Jé 37, 
(1.459 RIS )(A83,15 k b 
) = (tee ip” Nes 
283,15 RK + [10,4 ا‎ eat 


m > 


From Table OF Жз |, 74 x10” NS 


For T= fü'C 9. FC ДТ, 16 = 343. Ig, 


Ц 


ГЕ A 
(1.458 xi )( 353 4) 7 e 
y 2 2./3х10 Ms 
34315 К + 110.4% ee 


From Table B. zt /А = 2/4 хур Ns 


fm А 
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1.56* Use the values of viscosity of air given 
in Table B.4 at temperatures of 0, 20, 40, 60, 80, 
and 100 °С to determine the constants C and S 
which appear in the Sutherland equation (Eq. 
1.10). Compare your results with the values given 
in Problem 1.55, ( Hint: Rewrite the equation in 
the form z „д 


and plot 7??/, versus T. From the slope and in- 
tercept of this curve C and S can be obtained.) 


Eguation 110 Сал be written in The form 
T^ | 3 
y -(&) Р C (1) 
and with The dada from Table BY: 
A 


Tv) Tk) pose?) т, у) 


473./5 АД to^? 2.64010" 

443.16 Leax! 2.258 x 198 

313.15 487x107 2. 543 x 103 
60 333. /5 197 se 3.087 X 10 И 
80 353.15 2.07 X 70°. 3. 206X10 А 
/00 378.15 2.1 74 87 3. 322 X IO 


A plot 7] г Vs. T s shown below: 


25x10" г EE 3 EPEE E 


а 
ТЕ 
ЕН 


Т 
dn 


LT] а 
пианшпипанишвкн HH 
222 РЕСЕ ЕЗБЕ: L 


(cont) 
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Since The deta plot as an approximate straight line, 


Бо. (1) Gan be represented by Qu € quatn of The 
form 


у= bx +a 
where Ya Р» ) X^ T, br VC , and aw Sie. 


Fit the data +o a linear eguation using a 


Standard curve ~h Hing pro gram Such as bund 
In EXCEL. Thus, 


g= 6.769 x lox + 7. 44/ x TE 


== 6.469 x/05 
y A 4 
C= L¥3 x/o bi fms» KI) 


9 
© 


anda 7 
7, 9*4 X 10 
and Therefore 
S AB) К 


These Values i С and $ Are In good agreement 
w/7A Values given in Problem 45865. 
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The viscosity of a fluid plays a very ШАД v in 
determining how a fluid flows. (See Vidco V1. 3) The value of 
the viscosity depends not only on the specific fluid but also on 
the fluid temperature. Some experiments show that when a 
liquid, under the action of a constant driving pressure, is forced 
with a low velocity, V, through a small horizontal tube, the 
velocity is given by the equation V = K/p. In this equation К 
is a constant for a given tube and pressure, and и is the dynamic 

^ viscosity. For a particular liquid of interest, the viscosity is given 
by Andrade's equation (Eq. 1.11) with D = 5 x 107? Ib: s/ft’ 
andB = 4000 °R. By what percentage will the velocity increase 
as the liquid temperature is increased from 40 °F to 100 °F? 
Assume all other factors remain constant. 


Vio? _ » 100 
V. 


Vito" 


ch Increase. T Lvs | 

жашап мк 

ана from ЁШ) 

| Hd Incyease In V = | a Las Дь —ı [100 
3 EE KiMw Әр — Л 


Frem Andrades equation AS 
My = ar Te. Куско 
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ЕЕЕ | | еро 
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25х10 e Рев 
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*1.58 Use the value of the viscosity of water 
given in Table B.2 at temperatures of 0, 20, 40, 
60, 80, and 100 ?C to determine the constants D 
and B which appear in Andrade's equation (Eq. 
1.11). Calculate the value of the viscosity at 50 °С 
and compare with the value given in Table B.2. 
(Hint: Rewrite the equation in the form 


1 
Inu = (B) + in D 


and plot In и versus 1/7. From the slope and 
intercept of this curve B and D can be obtained. 
If a nonlinear curve fitting program is available 
the constants can be obtained directly from Eq. 
1.11 without rewriting the equation.) 


Egua don LH сет be written in The form 


end with The deita trem 


Ere TIR) 


e 473158 


0 293 15 
4o 3/3,/5 


60 33375 
po 353.15 
{00 373,15 


A plot of Ih А 
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I/ T (e) 


2. L6/ x10 
3 4l ко 
FW 


-3 
3.002 X10 


2.2352 x10 


-3 


2.696 X 10 


^ (4 54m ?) 


+ InD 
722/2 B.Z ` 


In IA 


=b. 327 
— 4.906 


1787 xi? 
уводи" 
g59p kp" 177.333 
g Lex =7. 
3 547 Lio * cq ag 
2.818 107 = 8.17% 
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Since the data plet as an approximate Straight 
line, Eg. (1) Сап be used to represent These duta. 
7o obtain B ana 2, fit the data to an bx 

£x ponen +a / 24 uation of the form y=2e 
Such as fund Iñ EXCEL. 


Thus, Р 
Daa = 4707x1 ' м/о? 
and 3 
B= 4= 1970 Хо K 
So That ; /£70 
x T 
= 1727 хо е 
At 50°C (223.150), 
: (870 T 
Ln т Xi е "9" = Sk vs 


From Table 5.2, Ж gu. HEX N. Sse 


1.59 For a parallel plate arrangement of the 
type shown in Fig. 1.5it is found that when the 
distance between plates is 2 mm, a shearing stress 
of 150 Pa develops at the upper plate when it is 
pulled at a velocity of 1 m/s. Determine the vis- 
cosity of the fluid between the plates. Express 
your answer in SI units. 
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1.60 Two flat plates are oriented parallel above a fixed lower plate 
as shown in Fig. P1.60. The top plate, located a distance b above 
the fixed plate, is pulled along with speed V. The other thin plate 
is located a distance cb, where 0 « c < 1, above the fixed plate. 
This plate moves with speed V4, which is determined by the vis- 
cous shear forces imposed on it by the fluids on its top and bot- 
tom. The fluid on the top is twice as viscous as that on the bot- 
tom. Plot the ratio V,/V as a function of c for 0 € c < 1. 


For constant speed, V,, of the middle plate, the net force 
on the plate is O. Hence, Fi, = Fhottom, where F= TA. 


Thus, the shear stress on the top and bottom of the plale 
must be equal. 


-y a u) 
[o : жы Where ap dy | 


For the bottom fluid 4% = Y, while for the top fluid $Y = CEW) 
Hence, from Eqn. (1), 


= V , 
n zl , which can be written as: 
2cV - 2cM - V -cV 
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1.61 There are many fluids that exhibit non-Newtonian behavior 
(see, for example, Video V1.6). For a given fluid the distinction 
between Newtonian and non-Newtonian behavior is usually based 
on measurements of shear stress and rate of shearing strain. As- 
sume that the viscosity of blood is to be determined by measure- 
ments of shear stress, 7, and rate of shearing strain, du/dy, ob- 
tained from a small blood sample tested in a suitable viscometer. 
Based on the data given below determine if the blood is a New- 
tonian or non-Newtonian fluid. Explain how you arrived at your 
answer. 


7(N/m*) | 0.04 v | 0.12 | 0.18 | 0.30 ES | 1.12 | 2.10 

ашау (S5) | 2.25 1.4.50 | 11.25122.5| 45.0 1900 1 225 | 450 
For a Newtonan Fluid the ratio of Т b du/ds 15 а 
Constant. For The data græn ` 


2 | 
(N sm) 0. 0178 | 2.0/33 |o. 0/07 | 0.0080 | 0.0067 | 0.0058 |52 |20067 
du du | | | 


The ratio 15 not a Constant but decreases 05 the rate of shearing 
Strain Increases. Thus This Fluid lblæd) 18 а ron-Wewtonan fluid. 


A plot ef The data B Shown below. For a “Wewblonian Fluid The 
Curve would be a straight line with a slope of / to l. 


er Newtonian fluid 


вать i 


„(дй я = M 
Nolte: тщ) , Where а=! for a Newtonian fluid. 
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1.62 The sled shown in Fig. P1.62 slides along on a thin 
horizontal layer of water between the ice and the runners. The 
horizontal force that the water puts on the runners is equal to 
1.2 Ib when the sled's speed is 50 ft/s. The total area of both 
runners in contact with the water is 0.08 ft^, and the viscosity 
of the water is 3.5 x 1075 lb s/f. Determine the thickness of 
the water layer under the runners. Assume a linear velocity 
distribution in the water layer. 


WFIG URE P1.62 


F NOTE = YTA 
Y Where | el = thidéness of water layer 
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1.63  A25-mm-diameter shaft is pulled through 
a cylindrical bearing as shown in Fig. P1.63 The 
lubricant that fills the 0.3-mm gap between the 
shaft and bearing is an oil having a kinematic 
viscosity of 8.0 x 107! m?/s and a specific gravity 
of 0.91. Determine the force P required to pull 
the shaft at a velocity of 3 m/s. Assume the ve- 
locity distribution in the gap is linear. 


rO х (shaft length n hearing ) = wos 


(velocity of shaft) _ V 
ge = eee "by 


5o That 


р» (^ £ ол) 


Smee pave = V ОА а рас P 


р. aoa" fea 101 зв) ense Yo 


(О. 0003m ) 


= 28. WN 


l- 5% 


TEF 


0.1 mm gap 


1.644 А 10-kg block slides down a smooth in- 
clined surface as shown in Fig. P1.64. Deterinine 
the terminal velocity of the block if the 0.1-mm 
gap between the block and the surface contains 
SAE 30 oil at 60 °F. Assume the velocity distri- 
bution in the gap is linear, and the area of the 
block in contact with the oil is 0.1 m?. 


FIGURE P1.64 


ZR = о a MW 
Thus, A, 
Vw 


W sin 20° = TA 


Since 
Ts А Y ر‎ where b as film Thickness , 


М sin 20° = м ЎА 


Thus, (wits w= mg ) 
b a b W яи 20° , (0.0001 эя )(1043)(4.31 2 Gu 20°) 


d (0.38 5 (0.1 on?) 


Е m 
= DOS, ^S 
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1.65 А layer of water flows down an inclined 
fixed surface with the velocity profile shown in 
Fig. P1,65. Determine the magnitude and direc- 
tion of the shearing stress that the water exerts 
on the fixed surface for U = 2 m/s and й = 
0.1 m. 


FIGURE P1.65 


Thus, at the trxed surface (420) 
da at 
Di ge UU 
So Tha t 
-3 № r4 т) 
T= (2) = (. 12x10 м (a) TF 


= 449 х lo” roe acting in direction of flow 
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*1.66 Standard air flows past a flat surface and (a) Assume the velocity distribution is of the form 
velocity measurements near the surface indicate = Cee Cy 
the following distribution: dabo ЖЫЛ, | 
у (ft) 0.005 | 0.01 | 0.02 | 0.04 | 0.061 0.08 and ue a standard curve-fitting technique to de- 
termine the constants C, and C,. (b) Make use 
и (ft/s) | 0.74 11.51 1 3.03 16.37 1 10.211 14.43 of the results of part (a) to determine the mag- 
The coordinate y is measured normal to the sur- nitude of the shearing stress at the wall (y — 0) 
face and u is the velocity parallel to the surface. and at y = 0.05 ft. 


(a) Use nonlinear Fe gression Program 
fo obtain Coefficients C, ane C,. The program produces 
least squares estimates of The parameters of a noniineer 


Model. For the data Given, 


/ 


x e Е 
C= 158 s ac 6.4 E350 fe 57 


/ 
(4) Since, 


it delbus That 
eA ‘as д 36, 4°) 


Thus, at The wall (y=0) 
/2 


Te Ke, = (3.7%x 0 25 ү ЕУ, 7 apa es 


2 
(ав) on d 3 (4350 ровно) | 


-5 1Ь 
= b. 44 X10 £L 
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1.67 A new computer drive is proposed to have a disc, as shown 
in Fig. P1.67. The disc is to rotate at 10,000 rpm, and the reader 
head is to be positioned 0.0005 in. above the surface of the disc. 
Estimate the shearing force on the reader head as result of the air 
between the disc and the head. 


Stationary reader head ozini. 
= م‎ 
10,000 rpm [ ] 


| 


mM FIGURE P157 


Rotating disc 


= shear force on head = ТА, where, if the velocity profile 
in SR gap between the disc and head js linear and uniform 
across the head, then 


du U 
T= И ду 7) E , where 
ү V if) / 27 Tad 
U =w А = 10 000 = Smut) eli E ny serve 2 


min Fev 


Th vs, 
T =(3,74x/0 


so that 
f= thes (1.2 з.) 2 (22H) = s.93x10 lb 


;7 з) 17s Ё 
"Н? 0005 pj) 


\ 
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Fixed 

outer 
cylinder 

Liquid 
1.68 The space between two 6-in.-long concentric cylinders is 

filled with glycerin (viscosity = 8.5 x 107? Ib : s/f?). The inner 
cylinder has a radius of 3 in. and the gap width between cylinders 
is 0.1 in. Determine the torque and the power required to rotate 
the inner cylinder at 180 rev/min. The outer cylinder is fixed. As- ds; 
sume the velocity distribution in the gap to be linear. Rotating 
inner 
cylinder 


2 
2 
2 
2 
Z 
2 
f 
1 
f 
/ 
2 
2 
f 
2 
f 
1 
@ 


N 


Torgue, d Я due to shearing stress 
on Inner cylinder 15 eg ual Ъ 
d J= R; TAA 
where JA = (0. 20) 4, Thus, 
aT: R°LT de 
and for ne reguired to rotate 


inner cylinder is 


T= R; Im = arR ht EN 
(L~ cylinder length ) 


For a linear velocity distribution in the Gap 


а له‎ = (180 FE’ )(ar oe | adl ёт red 
ne pnm G S Jte Кеи 605 5 


= 0,944 42.1) 
ЕТ — ft) 


Since Power = Txt) cd Hollows That 


Power = (0.944 ш) (ет A) = 178 k 
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1.69 A pivot bearing used on the shaft of an electrical instrument 
is shown in Fig. P1.69. An oil with a viscosity of = 0.010 1b- s/ft? 
fills the 0.001-in. gap between the rotating shaft and the station- 
ary base. Determine the frictional torque on the shaft when it ro- 
tates at 5,000 rpm. 


еї dF = lorgye on area element dA, 
where dh = 277 dl = 27r m 


Thus, ur 

4 = r dF = rT dA where ru, y sut 

so that, 

df =r (A$ ) (27rdr /sin 8) 
_ 2TAU 
ac пг 

Hence, r=R 

T- faf = OAS م‎ = тиш et 


Ь sino 2. b sin8 


Now 


4 


' LE З 
R=0./in. , b =0.001їп., 44 = 0:010 “rz = , 9-30deg and 


w= sot Gan 8) = san м 

Thus, bos £g. (D, 

77. Tesi rad) ( 1n)! = 953x107" H-b 
Da Н) sin 0" pasci 


1-60 


1.70 
1.70 The viscosity of liquids can be measured through the use of a Fixed 
rotating cylinder viscometer of the type illustrated in Fig. P1.70. In 
this device the outer cylinder is fixed and the inner cylinder is rotated 
with an angular velocity, w. The torque J required to develop w is 
measured and the viscosity is calculated from these two measurements. 
(a) Develop an equation relating д, w, J, €, Ro, and R; Neglect 
end effects and assume the velocity distribution in the gap is lin- 
ear. (b) The following torque-angular velocity data were obtained 
with a rotating cylinder viscometer of the type discussed in part (a). 


Torque (ft - Ib) 13.1 || 26.0. || 39.5 


Angular 
velocity (rad/s) 


outer 
cylinder 


Liquid 


52.7 | 649 | 78.6 


6.0 


For this viscometer R, = 2.50in., R; = 2.45 in., and € = 5.00 in. 
Make use of these data and a standard curve-fitting program to de- , 
termine the viscosity of the liquid contained in the viscometer. PIENE UE Wise 


(9) Torque, d 4, due to shearing stess 
on Inner cylinder 13 e$ ual » 
а = E FEA 
where JA (2.26) 2, Thas, 
iF R°LT de 
and forgue reguired to rotate 


inner cylinder 15 = 
2 2 
[= Ri 4 r | 46 = ar A £ ra 


For a linear velocity distribution in the gap 


(4 ~ cylinder length ) 


p E © = 
К. ^ Ra Es 
он OFF ДА а) 
"s (1) 
E a 


lb) Thus, þr á Led geometry 
and а gwen Viscosity , Eg ui) is of The form 


y= bx ( IT ant x eto) 
Where b 15 а Constant gual fo 


(con't) 
1- 6| 


(2) 


To obtain, Ё dod the data + а linear Lgustion 
of the form 4=bx using “ stan dard curve-fi tHtins 


Program Sach 45 Sound ‚з EXCEL. 


Thus, trem £3.12) 


_ (HÊÊ) 

/ zr Е? 
and with the data given, b= 13.08 TEIL. , So thet 
(13.08 fts )( 4.50 295 2. 


ат (44€ £) (22° #2) 


= 3.45 jes 
fr 


Lv 


1.71 А 12-in.-diameter circular plate is placed over a fixed Rotating plate 
bottom plate with a 0.1-іп. gap between the two plates filled н 
with glycerin as shown in Fig. Р!,7), Determine the torque 
required to rotate the circular plate slowly at 2 rpm. Assume 
that the velocity distribution in the gap is linear and that the 
Shear stress on the edge of the rotating plate is negligible. 


0.1 in. gap 
»^ 


= FIGURE P1.71 


Jorgue, dT , due do shearing stresses 
en Plate 1s egual +o t€ 


BU E 
td here А = 2Tr dr, 7hus, 


dy 


IT- b+ TT 2rrdr 


Gnu R 


у 27 n 2. 7 sr Stresses acting on bellom of plate 


o 


Е d —» Vz FW 
Dince T= KM "s J 4^4 hr а k^ М 7 
linear Velocity distri bution Cseediswe) ا‎ 
= К) du SM „ Үй 
Е dy $ t$ 
Thus, R E Velocity distribution 


aye (ris (0) 


4nd with The dete given mm 
ey. ai (0.0313 G 24 ker Nar на, у a а) 


22 ! 7) (4) 


= 0.0772 £t. 
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173 Some measurements on a blood sample at 37 °С (98.6 °F) 
indicate a shearing stress of 0.52 N/m? for a corresponding rate 
of shearing strain of 200 s^!. Determine the apparent viscosity 


of the blood and compare it with the viscosity of water at the 
same temperature. 


N 
2 
Zoo ue 


From Table 8,2 (А Appendix В: 
@ 30°C А „= 1.416 xio N: 


m > 
0 
@ WoC Mpo? b521 хь Ms 


Thus, with linear interpo lation 


(m : 
) Ju Eme) = 6.96 X Ip Ns 


№? 


and 


=. N. 

Milosa - 25.0 XI Ex 
Puzo b. 9 xiv * № 5 
т” 
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1.75 A sound wave is observed to travel through a liquid with a 
speed of 1500 m/s. The specific gravity of the liquid is 1.5. De- 
termine the bulk modulus for this fluid. 


where О = 56 Q,, and SG=15 


? 


Thus, 

Ey "CQ = с 56б 
«(1500 2) (),5) (979 25) 
= 3,37x10* ка", 


on 9 N 
E, = 3.37 х10 к 
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1.76 Estimate the increase in pressure (in psi) 
required to decrease a unit volume of mercury 


by 0.196. 


z . d$ 
3 Jary 2 ^42) 


#. 47 _ 
E = ~ [41% xot HL д, гаи) 


4/4 x 10 й psc 


1.77 А 1-m? volume of water is contained in 
a rigid container. Estimate the change in the vol- 
ume of the water when a piston applies a pressure 
of 35 MPa. 


. JË 
m» (Eg. 1.12) 


~¥V¥ AP _ _ (TP Sst.) 
Av = E gc ) m? + 00/63 м? 
ү 2,158 x 1p? М 
m 


E = 


decrease in volume x O, 013 m? 
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J.78 Determine the speed of sound at 20 °C 
in (а) air, (b) helium, and (c) natural gas. Express 
your answer in m/s. 


c= VRT (Eg. 120 ) 


h^ T= AoC +273 = 293k: 


(2) For as z| A uo (2,72 = 
or а, с |^ o (4 se) 243 
(b) For helium, C= |: se)(a077 zara e) = /010 & 
(€) For natural gas * M 
Je £4 CZ M, )ansk) = 445% 
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1.74 Air is enclosed by a rigid cylinder con- 
taining a piston. A pressure gage attached to the 
cylinder indicates an initial reading of 25 psi. De- 
termine the reading on the gage when the piston 
has compressed the air to one-third its original 
volume. Assume the compression process to be 
isothermal and the local atmospheric pressure to 
be 14.7 psi. 


For isothermal compression, = constant so Thai 


m Sr YE Where iœ Initial state Gna 
fe fk K^ Vm] state , 


é 


Thus, 


Since = Giese 2 _ mihal volume 
C nk. D A Won nm 3 h fr Constant mass) 


and Therefore 
25 (3)((a5 + 14.7) psi ats) = 119 psi Cabs) 


or 
eG (gage) = (119 шл): = 104 pse (gage ) 


|. 80 


1.80 Repeat Problem 1.74 if the compression 
process takes place without friction and without 
heat transfer (isentropic process). 


Fop / Sen tropic Compression, e constant so That 


© 
2. А | 
ar = 25 where i~ initial state and 
t J^ £^ final state. 
Thus 


^£) * 


Sinee = САНЕ f „ thiha] volume _ 
ү" volume 2 A^ final volume — 5 @ AMT ) 


and There fore 
ГА Fo 
7 = (3) [45+ 14,7) pu lats)] = /d4¢ ps (abs) 


2 (gage) = /048- 47 = 170 psi (gage) 
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1.81 Carbon dioxide at 30°C and 300 kPa absolute pressure 
expands isothermally to an absolute pressure of 165 kPa. Deter- 
mine the final density of the gas. 


For rsofherma / expansion , 2 = constant so at 


4 - P Where 
A A 


L^ ynstial state and 
f fp» stade. 


3 

d „ 8o" x, -—— 

E у: a e i ж и 5 
Й (123.3 d @ + 473| 


fos А Ae j = 293 ÉA 
300 k Pa н ue Nw A 
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1.82 Natural gas at 70 °F and standard atmospheric pressure 
of 14.7 psi (abs) is compressed isentropically to a new absolute 
pressure of 70 psi. Determine the final density and temperature 
of the gas. 


For ‘sen tropic Compression P= constant so That 
2 e^ 


Where i~ inital state and 
Fa Final state. 


{/ yy y : 
ит, M = 129 x10 Slugs 


3,099 x Ib yE EL # P fe? 
( PE Ji (тоб) к) 


1 
| ЕТ a 
10 psi lats) (1.29 x pn slats ) = 425 xlo slugs 
14.7 psc labs) tt? Fe? 
r2 E (то # m s o) 


2. 3 slugs 3 ft» lb 
425: 4 4 Ap GEE 
[425 x10 5 OFF X 10 E. 


765 R 


OSE - Gp = BOS ер 
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1.83 Compare the isentropic bulk modulus of 
air at 101 kPa (abs) with that of water at the same 
pressure. 


For air ( £2, 412), 
E,3 RP = (90) (101 x 0k ) = Ди x/0 R 


For water (Table le) 
By = LE IA R 


TÀus, 
9 
&, (water ) E. AE A d4 Fa 


= ———>= = ESSET 
Ey (aw) дех 10°F; سے‎ 
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$ à چ تد‎ ror miri fign 
* 1.84 Develop a computer program for cal- 


culating the final gage pressure of gas when the 
initial gage pressure, initial and final volumes, 
atmospheric pressure, and the type of process 
(isothermal or isentropic) are specified. Use BG 
units. Check your program against the results ob- 
tained for Problem 1.74. PRE 


For com pression or CXpansion, 


e. 
— = Constant 


where #=/ for ssoThermel process,and = specific heat vati 
for istntrepic process. Thus, 


^. 
2% AP 


E 3 * | 
Where ta initial state, Ёл hnal stole , So thet 


D 
EE 


(4) 
Since _ mass 
` Volume 
then к ws, whe 
fe Me 
LJ) here K, V., are е mital and finial volumes, respectively . 


Thus, trom E3 4!) 


* 
"xd ^ 
DE d (бы) 
Where The subscnpt 4 refers to Gage pressure . 
can be written as 
E 


2 
d. * 2 (ATA E Сз) 


(2) 


E guation (2) 


A spreadsheet (Excet ) Program for Calculating 
the tina! Gage Pressure follows . 


(сол? ) 
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This program calculates the final gage pressure of an ideal gas when the 


process or К = spe x ic heat for isentropic process. 


gU ee i es ee RE ee ee Ta 
ia gagef nitel кее “тореш Fro gase 
| pressure | volume | volume | pressure |__| pressure] | 
[ees | V | V [eese | к | es 
LE 1 EET Ta аве. 
EE zg | E EE | ESE E dE E 
== Formula: xd cc EN 
| |=((B10/C10)*E10)*(A10+D10)-D10 | | | 


Dota trom Beoblem 1.79 ave suncluded и The 
above Zable, Giving a tine gaye pressure of 104 4 psc 
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1,85 Ап important dimensionless parameter concerned 
with very high speed flow is the Mach number, defined as V/c, 
where V is the speed of the object such as an airplane or 


projectile, and с is the speed of sound in the fluid surrounding 
the object. For a projectile traveling at 800 mph through air at 


50 °F and standard atmospheric pressure, what is the value of 
the Mach number? 


Mach number = = 


From Table 8.3 ın Appendix В 


ft 
= lob 3 
Саг. @ 50°F 5 


Thus 


T 

(00 m ists) (Geet) 

AO UD MPALL2 COU үм, ]\ 30005 / ~ 
itob E 


ц 


Mach number 


H 


.0L 
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1.86 Jet airliners typically fly at altitudes between approx- 
imately 0 to 40,000 ft. Make use of the data in Appendix C to 
show on a graph how the speed of sound varies over this range. 


C= ART 


В > 12-/ 
Б, = (40 аиа R= 1716 sus е 
c= #40 VTR 


(Ey VETY 


From Table CI In Appendix C at an al titude ane 
Үз S700+ 440 = SIP'R so Thet 


C= F470 | 577%. = ///£ 3 


Similar Cá / Culations CA be made tor other al ti tudes 


and The resulting graph is shown below. 


Altitude, ft Temp.°F . Temp.^R 


0 59 519 
5000 41.17 501.17 
10000 23.36 483.36 
15000 5.55 465.55 
20000 -12.26 447.74 
25000 -30.05 429.95 
30000 -47.83 412.7 
35000 -65.61 394.39 

_40000 -697 390.3 


1116 
1097 
1077 
1057 
1037 
1016 
995 

973 

968 


C, fUs 


0 5000 10000 15000 20000 25000 30000 35000 


Altitude, ft 
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187 (See Fluids in the News article titled "This water jet is a 
blast." Section 1.7.1) By what percent is the volume of water de- 
creased if its pressure,is increased to an equivalent to 3000 at- 


mospheres (44,100 psi)? 
Es. 132] 
E (Es. 


— Ар 2. Yio Psa – 19.] рэка. 
Ey 3.12 x10 sco. 


of, decrease im Volume = Ê | of. 


1.88 During a mountain climbing trip it is observed that the wa- 
ter used to cook a meal boils at 90 °С rather than the standard 100 
°C at sea level. At what altitude are the climbers preparing their 
meal? (See Tables B.2 and C.2 for data needed to solve this prob- 


lem.) 


When the waler boils, 
£, = for, where from Table B.2, at T« 90°C 


4, = 7.01x10" 2 (abs) 
Also from Table C.2, for a standard atmosphere 
p= 701х104, (abs) al an altitude of 3000 m 
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1.89 When a fluid flows through a sharp bend, low pres- | 
sures may develop in localized regions of the bend. Estimate i 
the minimum absolute pressure (in psi) that can develop without ` 

causing cavitation if the fluid is water at 160 °F. 


Cavitation may occar when the local pressure equals the 
vapor pressure. For water at Шо Р (fom Table ВІ in HppfndixB ) 


Р. = 474 pst (abs) 


/ hus, minimum pressure = %74 psc (abs ) 


790 | — 


1.40 Estimate the minimum absolute pressure (in pascals) 
that can be developed at the inlet of a pump to avoid cavitation 
if the fluid is carbon tetrachloride at 20?C. 


Cavitation may occur when The Suction pressure 
at the Pump inlet equals The vapor pressure. 


For carbon betrachlnide at LOC p= 13 BP. Cabs). 
Thas, minimum pressure = /3 & Р. (abs ) 


[1-9% 
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1.91 When water at 70 °С flows through a converging section of 
pipe, the pressure decreases in the direction of flow. Estimate the 
minimum absolute pressure that can develop without causing cav- 
itation. Express your answer in both BG and SI units. 


Cavitation thay occur th The converging section of pipe when 
The Pressure eguals The vapp pressure. trom Table B2 m Appendix Ё 
for water at ZB бл 31.2 ФВ Cabs). Thus, 


minimum Pressuve = 31,2 RR. Cabs) tn SI unts. 


Ln 86 anits T 
minimum Pressure = (rax, Y 455 х/д ) 


M 
Am > 
= 452 Psia 


1.92 At what atmospheric pressure will water 
boil at 35 °C? Express your answer in both SI and 


BG units. 


The Vapor pressure of water of 35°C rs 

5791 Ah (ats) (from Table Bà т Appendrs В 

Using linear interpolation). Thus, if water boiks 

at This temptratyre the atmospheric pressure must 
be egual to 5.81 BR labs) in SI units. En BG units, 


(5:21 хи? A. noni m) = о Pha psi labs) 


y 
DE 
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1.94 When a 2-mm-diameter tube is inserted into a liquid in an 
open tank, the liquid is observed to rise 10 mm above the free sur- 
face of the liquid. the contact angle between the liquid and the tube 


is zero, and the specific weight of the liquid is 1.2 x 10* N/m*. 
Determine the value of the surface tension for this liquid. 


20 cos Ө 
h = ы: А where Ө = 0 
TuS, 4 N -3 

УЂЕ 12х10 уз (10х19 m) (2x10 ^ m/2) 


2 cosQ 2 cos 0 
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1.95 Small droplets of carbon tetrachloride at 
68 °F are formed with a spray nozzle. If the av- 
erage diameter of the droplets is 200 итп what is 
the difference in pressure between the inside and 
outside of the droplets? 


297^ 
Ф= 22 
Sce 07 259 X10 


( Es. 20 ] 


a 


x at b8"F(=20"C) , 
= 


i ^M 
p- a lirs ^ & ) = 532 P, 
loo xto т 
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1.496 А 12-mm diameter jet of water discharges vertically 
into the atmosphere. Due to surface tension the pressure inside 
the jet will be slightly higher than the surrounding atmospheric 
pressure. Determine this difference in pressure. 


For eguilibrium (see figure ), 4 
bz RSL) o (2 S4) 

So That 
Р = 


g” 


% 


7.34. xn 4 


-3 
42 х/0 „т р?к 
= 122 В po excess pressure 


surface Jtnsin Jove: 0 2,50 
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1.97 As shown in Video V1.9, surface tension forces can be strong 
enough to allow a double-edge steel razor blade to "float" on wa- 
ter, but a single-edge blade will sink. Assume that the surface ten- 
sion forces act at an angle @ relative to the water surface as shown 
in Fig. P1.97. (a) The mass of the double-edge blade is 
0.64 х 107? kg, and the total length of its sides is 206 mm. De- 
termine the value of 0 required to maintain equilibrium between 
the blade weight and the resultant surface tension force. (b) The : Е 
mass of the single-edge blade is 2.61 х 10^? kg, and the total ш FIGURE P1.37 
length of its sides is 154 mm. Explain why this blade sinks. Sup- 

port your answer with the necessary calculations. 


Surface tension 
force 


i 
SR 


(a) A o жа 


“w= [аш Ф) 


where 94) = LS X dud TS Ox length of sides. 
ade 


= ob x 744) (4.9) mha) = (зу ai A) (0.206 м.) 5110 


Sine = 6.7715 
6=245° 


(b) For single-edge blade 
“4 

20 апух р (241 хв bg) (ем nl) 

©.025Ь N 
T sine (ox lengh of lade ) Sin e 

(7.34 x 107? М) ( 0.159 ли) sin 8 
= 0.0113 sin B 

In order for blade to "float. W < Tsino. 


Since maximum Value for sing ıs |, r+ follows 
that W > sime and single-edge blade will sink. 


ahd 
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1.98 То measure the water depth in a large open tank with 
opaque walls, an open vertical glass tube is attached to the side 
of the tank. The height of the water column in the tube is then 
used as a measure of the depth of water in the tank. (a) For 
a true water depth in the tank of 3 ft, make use of Eq. 1.22 (with 
Ө = 0?) to determine the percent error due to capillarity as the 
diameter of the glass tube is changed. Assume a water 
temperature of 80 °F. Show your results on a graph of percent 
error versus tube diameter, D, іп the range 0.1 in. < D < 1.0 in. 
(b) If you want the error to be less than 1%, what is the smallest 
tube diameter allowed? 


Cay The excess hesht, h, caused be the surface tension us 
ha ES бщ Ө (Е. 122) 
xR 
for OF 0! with 0 = 20 
кзг”, 
oD 
From Table B.l in Appendix В for water at SOF 
T= 491 x10 lb/ft and X = 6222 lb/ft? 
Thus from Ее. (1) 


€) 


~j lb ки 
h (£4) = 4 (4.9) xi) a 9.29 Ate Р (2) 
te | Dn) 4 п. 
| (62.32 Fs) [2 In. Et Бы 
na el error = ч) X 100 (with The true clepth 
= 3 ft) 
tt follows from Бә (2) that H: 
f error = 2:19 X1. yag 
3 Din.) 
blın.) 


A plot of oh error versus tube chameter ıs 
Shown on The nert page. 


(Cont 


Diameter % Error 


of tube, in. 

01 1.26 

0.15 0.84 

0.2 0.63 

0.3 0.42 5 

0.4 0.32 ui 

0.5 0.25 2 

0.6 0.21 

0.7 0.18 

0.8 0.16 0 92 0.4 0.6 0.8 1 4:2 

0.9 0.14 Tube diameter, in. 
1 0.13 


Values obtained 


from Eq. (3) 


(b) For 19% error trom £3.63) 


re O./26 
7 Ба.) 
р = 02.12 In. 
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1.99 Under the right conditions, it is possible, due to surface 
tension, to have metal objects float on water. (See Video V1.9.) 
Consider placing a short length of a small diameter steel (sp. 
wt. = 490 lb/ft) rod on a surface of water. What is the 
maximum diameter that the rod can have before it will sink? 
Assume that the surface tension forces act vertically upward. 
Note: A standard paper clip has a diameter of 0.036 in. Partially 
unfold a paper clip and see if you can get it to float on water. 
Do the results of this experiment support your analysis? 


074 rL 
In order r rod de float (see figure) 
it follows tnat 
274 > 9) > (571 ا‎ 
Е Ц 1 = rod length 
Thus, for The limiting Case 
5. a zc gT 
таҳ [234 Уе T oen 
А /; 
= —] 205 03x10 Rm) -3 Li 
[Жл ^ ES T Ia 


+ C490 32, ) 
= 0.06/14 In. 


Since a standard steel paper chp has 4 
diameter of 0.036 in, Which is. less Tran 

6.0b/% in., 1t should. Float. A simple experiment 
will Verify This. Yes. 
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1.100 An open, clean glass tube, having a diameter of 3 mm, 
is inserted vertically into a dish of mercury at 20 °С. How far 
will the column of mercury in the tube be depressed? 


4 = 20-0950 


YR ( Eg. 122) 


Fr ё = 130° 

2 lytt хи) Cas /30* 
3 

(133 x10°, (o, оит) 


Thus, Column will be depressed 3.000 УУ, 


— 


-3 
= — Зоо xlD m 


1.101 An open, clean glass tube (0 = 0°) is inserted vertically 
into a pan of water. What tube diameter is needed if the water 
level in the tube is to rise one tube diameter (due to surface 
tension)? 


. 20° Cos Ө 
А: xR 
Sy 222k aaa = 0" 
mug dT 
YR 
-3 Ib 
2 03x Fe 
62,4 


R= 8.18 xi f 
cliameter = 2R = 1.80 хш" fE 


>Z 
У 


П” 
{3 
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1.102 Determine the height water at 60 *F will 
rise due to capillary action in a clean. {-in.-di- 
ameter tube. What will be the height if the di- 
ameter is reduced to 0.01 in.? 


t - 20 coso 
xR 
For water af бо? É trom Table B./ th Appendix В 2 


T= 5103 кг? Ж and = 6237 Ж,. Thug with O70, 


(Eg. /,22) 


Сы f 0. /25 /h. ) P 2 (503 хи? Ж 4 ya) 


= [55x10 ft 
(62. 37 2 С ft) 


e n: ~ 2 (и. "n . 
Ф = (1 55X10 Jt )( ae } = 0,186 in. 
Similarly 
( for R=0.005 m.) 


О 125 т. zd 
4, = (0.184 in.) X ) = 405 In. 
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1.103 (See Fluids in the News article titled "Walking on water," 
Section 1.9.) (a) The water strider bug shown in Fig. P1.103 is 
supported on the surface of a pond by surface tension acting along 
the interface between the water and the bug's legs. Determine the 
minimum length of this interface needed to support the bug. As- 
sume the bug weighs 10 *N and the surface tension force acts 
vertically upwards. (b) Repeat part (a) if surface tension were to 
support a person weighing 750 N. 


RM FIGURE P1.103 


Ө: 


Foy equilibrium р 
"y= ст 


(о) |. Qu _ ЖЕМ to 


* One Ta xip* M aw ~ weight 
4. m 07 о surface Tensión 
= |.36x1D о 1 47 length of interface 


(зк IE PEE 


I— 


(b) 


fs ']20 N 


= 1.02 x10'm (6.34 mi [| 
7.34 xw М —— 


3 
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1.104 Fluid Characterization by Use of a Stormer Viscometer 


Objective: As discussed in Section 1.6, some fluids can be classified as Newtonian flu- 
ids; others are non-Newtonian. The purpose of this experiment is to determine the shearing 
stress versus rate of strain characteristics of various liquids and, thus, to classify them as 
Newtonian or non-Newtonian fluids. 


Equipment: Stormer viscometer containing a stationary outer cylinder and a rotating, 
concentric inner cylinder (see Fig. P1.10'P); stop watch; drive weights for the viscometer; three 
different liquids (silicone oil, Latex paint, and corn syrup). 


Experimental Procedure:  Fillthe gap between the inner and outer cylinders with one of 
the three fluids to be tested. Select an appropriate drive weight (of mass m) and attach it to the 
end of the cord that wraps around the drum to which the inner cylinder is fastened. Release 
the brake mechanism to allow the inner cylinder to start to rotate. (The outer cylinder remains 
stationary.) After the cylinder has reached its steady-state angular velocity, measure the amount 
of time, t, that it takes the inner cylinder to rotate N revolutions. Repeat the measurements us- 
ing various drive weights. Repeat the entire procedure for the other fluids to be tested. 


Calculations: For each of the three fluids tested, convert the mass, m, of the drive weight 
to its weight, W — mg, where g is the acceleration of gravity. Also determine the angular ve- 
locity of the inner cylinder, w = N/t. 


Graph: For each fluid tested, plot the drive weight, W, as ordinates and angular velocity, 
w, as abscissas. Draw a best fit curve through the data. 


Results: Note that for the flow geometry of this experiment, the weight, W, is propor- 
tional to the shearing stress, 7, on the inner cylinder. This is true because with constant an- 
gular velocity, the torque produced by the viscous shear stress on the cylinder is equal to the 
torque produced by the weight (weight times the appropriate moment arm). Also, the angu- 
lar velocity, w, is proportional to the rate of strain, du/dy. This is true because the velocity 
gradient in the fluid is proportional to the inner cylinder surface speed (which is proportional 
to its angular velocity) divided by the width of the gap between the cylinders. Based on your 
graphs, classify each of the three fluids as to whether they are Newtonian, shear thickening, 
or shear thinning (see Fig. 1,7). 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Rotating Inner cylinder 
Outer cylinder 


Drive welght 


Ш FIGURE P104 


(Cont) 


Problem 1.104 Problem 1.10% 
Weight, W, vs Angular Velocity, o Weight, W, vs Angular Velocity, o 
for for 
Silicone Oil Corn Syrup 


1.00 Р : 0.10 0.20 


о, revis o, revis 


Problem 1.104 
Weight, W, vs Angular Velocity, o 
for 
Latex Paint 


0.40 


o revis 
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1.105 Capillary Tube Viscometer 


Objective: The flowrate of a viscous fluid through a small diameter (capillary) tube is a 
function of the viscosity of the fluid. For the flow geometry shown in Fig. P1.105 the kine- 
matic viscosity, v, is inversely proportional to the flowrate, Q. That is, v = K/Q, where K is 
the calibration constant for the particular device. The purpose of this experiment is to deter- 
mine the value of K and to use it to determine the kinematic viscosity of water as a function 
of temperature. 


Equipment: Constant temperature water tank, capillary tube, thermometer, stop watch, 
graduated cylinder. 


Experimental Procedure: Adjust the water temperature to 15.6°C and determine the 
flowrate through the capillary tube by measuring the time, f, it takes to collect a volume, V, 
of water in a small graduated cylinder. Repeat the measurements for various water temper- 
atures, 7. Be sure that the water depth, h, in the tank is the same for each trial. Since the 
flowrate is a function of the depth (as well as viscosity), the value of K obtained will be valid 
for only that value of h. 


Calculations: Foreach temperature tested, determine the flowrate, Q = V/t. Use the data 
for the 15.6°C water to determine the calibration constant, К, for this device. Thatis, K = vQ, 
where the kinematic viscosity for 15.6°C water is given in Table 1.5 and Q is the measured 
flowrate at this temperature. Use this value of K and your other data to determine the vis- 
cosity of water as a function of temperature. 


Graph: Plot the experimentally determined kinematic viscosity, v, as ordinates and tem- 
perature, 7, as abscissas. 


Results: On the same graph, plot the standard viscosity-temperature data obtained from 
Table B.2. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Ш FIGURE Р1.105 


(cont ) 
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Solution for Problem 1.705 Capillary Tube Viscometer 


From Table B.2 
Vm ts T,degC Q, mi/s v, m^2/s T,degC v,m‘2/s 


92 19.8 15.6 0.465 1.12E-06 1.31E-06 
97 15.8 26.3 0.614 8.49E-07 1.00E-06 
92 168 21.3 0.548 9.51E-07 8.01E-07 
Өл T 2159 12.3 0.427 1.22E-06 6.58E-07 
92 13:4 34.3 0.702 7.42E-07 5.53E-07 
94 10.1 50.4 0.931 5.60E-07 4.75E-07 
Onl 8.9 58.1 1.022 5.10E-07 


v = КӘ К, m^2 ml/s^2 v (at 15.6 deg C), m^2/s 
5.21E-07 1.12bE-06 


К = у О = 1.12Е-6 m^2/s * 0.465 ml/s = 5.21Е-7 m^2 ml/s^2 


Problem 1.105 
Viscosity, v, vs Temperature, T 


Ф Experimental - | 


——— From Table B.2 | 


0. 0Е+00 
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2.2 A closed, 5-m-tall tank is filled with water to a depth of 4 m. 
The top portion of the tank is filled with air which, as indicated by 
a pressure gage at the top of the tank, is at a pressure of 20 kPa. 
Determine the pressure that the water exerts on the bottom of the tank. 


f = 2оху? № = f 


3 N 
лох Д +9 80x10 43 (4m) 


592 x [0^ №. = 59,2 kPa 


n 


p= ppt th 


u 


2.3 А closed tank is partially filled with glycerin. If the air 
pressure in the tank is 6 Ib/in.? and the depth of glycerin is 10 
ft, what is the pressure in Ib/ft? at the bottom of the tank? 


= PA = 45 /, ^ 
f= ta + f (754 2. 10 Fi) + 6 da fett n ) 


2.4 Blood pressure is usually given as a ratio of the 
maximum pressure (systolic pressure) to the minimum 
pressure (diastolic pressure). As shown in Video V2.2 such 
pressures arc commonly measured with a mercury mano- 
metcr. A typical value for this ratio for a human would be 
120/70, wherc the pressures are in mm Hg. (a) What would 
these pressures be in pascals? (b) If your car tire was 
inflated to 120 mm Hg. would it be suflicient for normal 
driving? : 


p= xh 
(а) For 120mm lH; : pz (133 x10 ) (о, 110m) &0#4Ё 


For 70 mm Ha I = (133 хто? (o. o70.m)= 731 48, 


| g IW ~# lin? 
(b) For 120 nam Hg . P: (14.0 x 10 A )lugsoxi aa 


= 2, 92 Pst 


Since a typical Fire pressure sš 50-25 PSE, 120mm th 
/s prot Sufficient Jor pormal АТАТ 


2—2. 


2.5 An unknown immiscible liquid seeps into the bottom of an 
open oil tank. Some measurements indicate that the depth of 
the unknown liquid is 1.5 m and the depth of the oil (specific 
weight = 8.5 kN/m?) floating on top is 5.0 m. A pressure gage 
connected to the bottom of the tank reads 65 kPa. What is the 
specific gravity of the unknown liquid? 


B= Cia (вон) 1 (Kalm) here a kn Mea 
onom 


3 3 
"Я p TS (д (5m) _ 15х10 N — (sab (rs) 


= |5 х? М 
m? М 
3.N, 
ec "ry 2 IAD m? — | 53 
- -— jit = о - 
Puate ИН. 77 


2.6 


2.6 Bathyscaphes are capable of submerging to great depths 
in the ocean. What is the pressure at a depth of 5 km, assum- 
ing that seawater has a constant specific weight of 10.1 kN/m?? 
Express your answer in pascals and psi. 


part +o 

At the Surface. f =0 so That 

P= (0.1 ×10 26 s xim) =50.5 хс = 50.5 мА, 

fm * 
Also, 
з s lb 
P= (50.5 x10. {1.45 xio * Ine ) = 7320 psc 
ә" EC ا‎ 


Ant 
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2.7 For the great depths that may be en- 
countered in the ocean the compressibility of sea- 
` water may become an important consideration. 
(a) Assume that the bulk modulus for seawater 
is constant and derive a relationship between 
pressure and depth which takes into account the 
change in fluid density with depth. (b) Make use 


CQ) 


dp » 
a A E 
Thus, ар = = dz 
Pe; 


of part (a) to determine the pressure at a depth 
of 6 km assuming seawater has a bulk modulus 
of 2.3 x 10° Pa, and a density of 1030 kg/m? at 
the surface. Compare this result with that ob- 
tained by assuming a constant density of 1030 
kg/m*. 


(Ее 2.4) 


(1) 


It 2 1s a tuncton of P, we must determine р= (р) be fere 


integrating E.U). Since, 


Е dp ( Eg. 413) 
then E TAR a 
: ag 
d p = E, 2 
о {Б 
So 75.1 # 
Р = Е, 1 
А 
Thus, F- оё Where 2*@ af Po 
: P-o at surface 
From £4 (0) | 4. 
o Z 2, 
dp , +- 
- -4 | 4 £ å 
fo € 
^ " i 
or ۶ PA я 
Р. 2р «aj 3 
f 5 
Se That 


where ‚#= 25-2, the 
depth below surface. 


(b) From parla) 
m. 
-- E, be (1 a | 
So That at £= b dba 
C3 
p= N (2.3107 X, ) La [ E (1.03 хо As gn exin) 


43x)? Z, 
^n 


= 6.1 й 200 Р 
: I9 2x1 ^m* = bl.4 Mia 


(с) For constant density 
ф= 24 = pak = (1,03 x £4) (4.6) % Me io) 


= GOL мМ 


WW 


2.8 Sometimes when riding an elevator or driving up or down a 
hilly road a person's ears "pop" as the pressure difference between 
the inside and outside of the ear is equalized. Determine the 
pressure difference (in psi) associated with this phenomenon if it 
occurs during a 150 ft elevation change. 


^p = ah = 0.0765 1. a (1 Soft) 


ا 
te бй‏ 175 = 
се‏ 


2.9 Develop ап expression for the pressure 
variation in a liquid in which the specific weight 
increases with depth, Л, as y = Kh + yo, where 
К is a constant and у, is the specific weight at the 
free surface. 


( Eg. 24) 


e teer 
y РР ФФ Ў 


4 Cont ) 
*2.10 Inacertain liquid at rest, measurements of the spe- 60 107 
cific weight at various depths show the following variation: 70 110 
80 112 
ڪڪ ڪڪ‎ S2] 
90 ; 114 
h (ft) y (D) — 100 115 
LATTES EERE SIL OLS I TEIE TE S o 
0 70 
3] y The depth h = 0 corresponds to a free surface at atmo- 
30 9] z spheric pressure. Determine, through numerical integration 
40 97 of Eq. 2.4, the corresponding variation in pressure and show 
the results on a plot of pressure (in psf) versus depth (in 
50 102 
feet). 
ер y 
= = 2.) 


Let а= ЖЕ бра Figure ) Se 
Thet cas—dh aud Tnerehre 


dp = 2لم ل‎ = + аһ 


Thus, „h he 
Јав = f? dh 
0 o 
or he 
Р. = Y dA (1) 


шее Ф. sš The pressure at depth Ae 


Equation (1) Can be va tegrated Numerically using 
the trape Jordal rule, е 


"m -1 
CEN 4 
252 2+ a, ty 


AJ here 4 ~ ў ر‎ X^ h, and N = humber of data 


Poinks Е 


(cont) 


( lont) 


The tebulated results are Given below, alons 
With The Corresponding plot ef pressure vs. depth. 


y, Ib/ft^3 Pressure, psf 
0 
730 
1530 
2405 
3345 
4340 
5385 
6470 
7580 
8710 
9855 


Pressure, p (psf) 


40 60 
Depth, h (ft) 


2.12 


Elevation (ft) Temperature (^F) 
5000 50.1 (base) 

*2.12. Under normal conditions the temperature of the enm ET 
atmosphere decreases with increasing elevation. In some 6400 62.6 
situations, however, a temperature inversion may exist so 7100 6 0 

that the air temperature increases with elevation. А series 7400 z 4 

of temperature probes on a mountain give the elevation 8200 700 
-temperature data shown in Table Р2.12. If the barometric 8600 9 
pressure at the base of the mountain is 12.1 psia, determine 9200 Fan 

by means of numerical integration the pressure at the top of 9900 6 i 

the mountain. tk m 

TABLE P2.12 
үөт £9, 2.9, z 
Êm А x 2 ii 2: 
f, R la, Т 


In The table below the temperature in °R is 91064 


and The inde grand TOR) Cabula ted, 


Elevation, ft — T,?F TR 1/ TCR) 


5000 50.1 509.8 0.001962 
5500 55.2 514.9 0.001942 
6000 60.3 520.0 0.001923 
6400 62.6 522.3 0.001915 
7100 67.0 526.7 0.001899 
7400 68.4 528.1 0.001894 
8200 70.0 529.7 0.001888 
8600 69.5 529.2 0.00189 
9200 68.0 527.7 0.001895 
9900 67.1 526.8 0.001898 


І X ~ e levator, 
Is + PA (4. e yas) О, -že А. w here ya 7r, 
Gna nz Bum ber of data points. Thus, 
74950 Ft Lt 
@ — 
(=) dz = Tr aR 


frat (wa 2282.2 J£? ann R= 1716 24.1 ајид. R 


5 
E pw T "| [22.2 2 ) (2392) --0 1753 (1) 
fi 1715 22.107 slug: *R 
(con t) 
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42.12 


(сод?) 


fd ds бат £3.01) toi Th E 344.7 рога Wat 


— 0.1753 


Р = Crai рѕ/а) E = /0.2 psia 


(Mote 2 Since The temperature variation 1s not very large, 
/ would be expected Thet The assumption of a “Constant 


temperature would give geod results. If The temperature 
ts assumed fo be Constant ef The base tempera ture 
(56,4957 Р = /0,/ psie Р which ts Only Slightly 
different from The result given above, ) 
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2.14 (See Fluids in the News article titled **Giraffe's blood pres- 
sure," Section 2.3.1.) (a) Determine the change in hydrostatic pres- 
sure in a giraffe's head as it lowers its head from eating leaves 6 m 
above the ground to getting a drink of water at ground level as 
shown in Fig. P2.14. Assume the specific gravity of blood is 
$G = 1. (b) Compare the pressure change calculated in part (a) to 
the normal 120 mm of mercury pressure in a human's heart. 


ra) For hydrostatic pressure change, 
аре = (2800 em) = SF. E88 ER. 


(b) To Compare “огт pressure 1л human heart 
Convert pressure ti Part“) do mm Hs : 


s ÈN 
58.8 tid = Vog Ap" (эз im 
3 wv 


Thus, the pressure Change in The giraffes head 


ім 


i; 042. mm Hs Compared wilh 120 мил Hs 
the human heart. 
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2.15 Assume that a person skiing high in the mountains at an 
altitude of 15,000 ft takes in the same volume of air with each 
breath as she does while walking at sea level. Determine the ratio 


of the mass of oxygen inhaled for each breath at this high altitude 
compared to that at sea level. 


Let ( ), denote sea level and ( ), denote 15,000 fl altitude. 
Thus, since т = mass <0 V, where V= yolvme 
m, =Q, U, and Ms == Ur, where V, = Ys. 


Hence, 


Me _ Os Vis NV 


п oU © 


If il is assumed that the air composition (e.g, % ot 


air that is oxygen) is the same af sea level as it ус а] 1,0007; 
then we can we the р Valves from Table c.1: 


О, = 2,37710 e and 0, =.###хб` ев so that 


Ms > TS 
2.277x/ 72 1045 
idis iE < 


= 0.020 062,97. 


22 


(4) 


(5) 


(©) 


2.16 Pikes Peak near Denver, Colorado has 
an elevation of 14,110 ft. (a) Determine the pres- 
sure at this elevation, based on Eq. 2.12. (b) If 
the air is assumed to have a constant specific 
weight of 0.07647 lb/ft, what would the pressure 
be at this altitude? (c) If the air is assumed to 
have a constant temperature of 59 °F what would 
the pressure be at this elevation? For all three 


' cases assume standard atmospheric conditions at 


sea level (see Table 2.1). 
ё 
p= É [1+ as Js (Eg, 2.12) 


" А ^e : fe 
for fL Alba ر ,52 5000957 ر‎ 732€ Т, 
T= 918.67°R , R= 171 CEP 


! 
Slug 5. 
"Ar QN 
= ? s* 


"P (P ££ ) haris ) 


que 


= 5:262 


(д. 00357 E D) m ож) 
518,67 R 


p= (aua B.) | 1— 


3 ТОО a. (abe ) 


= 2116.2 È, - (0.67647 2) по ft) 


= очо i (abs) 
(Eq. 2.10) | 


_ бат £ (i 1o £9) ] 
- ГАР [imc Be vag. 
(4116.2 je (7b кее eld 


= 12 (abs) 
[270 zi 


| 2.47 Equation 2.12 provides the relationship 
| between pressure and elevation in the atmo- 
sphere for those regions in which the temperature 
varies linearly with elevation. Derive this equa- 
tion and verify the value of the pressure given in 
Table C.2 in Appendix C for an elevation of 5 


km. Р, 2, 
T £ dz 
P "R E ( Eg. 2,9) 

Ф, 2. 


for au. 4n cl T= Т2 782. 
EE 


o 


Ё 


& E p (unl = é |5 саз) - 
4 


0 
_ ё? 
KA Ly (| dai ) | 
and taking logarithm of both sides of e$ uation yields 


Бы 
EI 


For 25km with ф 210.33. А, Ta = 288.16, J= 480735 


$2 ر‎ 
— A ~ T 
= O, R= س‎ 
P 22:2)» Ar] ر‎ 


AMA 
£807 == 


АЈ K 
(0. 00654 рыб! ( ndi nm 


279, 1/5 К 


p= (101. 33 tar] 


4 
+ Stan yo = 
m 


2 


d m Table Cå in A ppen dı x Ё, p= зовхи, -) 


2.18 | As shown in Fig. 2.6 for the U.S. stan- 
dard atmosphere, the troposphere extends to an 
altitude of 11 km where the pressure is 22.6 kPa 
(abs). In the next layer, called the stratosphere, 
the temperature remains constant at — 56.5 *C. 
Determine the pressure and density in this layer 
at an altitude of 15 km. Assume g = 9.77 m/s? 
in your calculations. Compare your results with 
those given in Table C2 in Appendix C. 


Fer usetThermal conditions, 


-4 (2-а) 
gore 7% (£4, 210) 


let а= Пт, p222tkh , = 287 TO T NEL $104, 


and [дЫ —565"C + 473,5 = D665 к 


Thus 
2 MM 3 3 ) 
(2) )( 4610 m- 11 10 n 


ф = (2244.5) e (269 aL, )( 20.05) 
2, 


= 12.1 А Pa 
Also, 0005 _ 12.1 x10 s - oer RE #4 
@ RT (ит -p ) (216. 65K) == 


PP se dale C.2 ш Ap pendix dd , pe 12,112 Ра and 
rd > O/G¥8 ч .) 


arts 


? 11] 


2.19 (See Fluids in the News article titled “Weather, barometers, 
and bars," Section 2.5.) The record low sea-level barometric pres- 
sure ever recorded is 25.8 in. of mercury. At what altitude in the 
standard atmosphere is the pressure equal to this value? 


For record low pressure, Я 
ay ووو‎ pep dw. ode bat. 
Р ha С? HE (2 the (4 a In 
From Table е) in Append C " 
Ф oft altitude p= LSU 
(D бро alhtude p= 12.228 lb 


Th 
Assume linear variation change ih presure per fot, Thus, 


pressure chame per fols IHLE Tar -12428 Th, 
Jooo Pt 
= 4.93b xiv" Mb, per ft 
and 


|4, L4 ¬ д Са) [aaae о ' |= 12. К" тда 
So thet a: 4250 ft 
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2.20 On a given day, a barometer at the base of the Washington 
Monument reads 29.97 in. of mercury. What would the barometer 


reading be when you carry it up to the observation deck 500 ft 
above the base of the monument? 


Let ( J, and ( 14 correspond to the base and observation 
deck , respectively. 


Тм», with H = height of the Monument, " 
fh 7 fia = Gir H = 765х107 5 (50H) = 38.5 Th 
But 


р = б h, where ўр, = 84735 and h * baromeler reading, 
т 


dy, (2227 27 H) -A ha - 36. А 
Or 


hyd „(2521 Му 38,5 чы 38515. 


BE qnasi 


-(29.27 -0.5 45) in. 
or 


Ва = 27-43 iN. 


27 
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2.21 Bourdon gages (see Video V2.3 and Fig. 2.13) аге 
commonly used to measure pressure. When such a gage is 
attached to the closed water tank of Fig. Р2.2.1 the gage reads 
5 psi. What is the absolute air pressure in the tank? Assume 
standard atmospheric pressure of 14.7 psi. 
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12 in. 


Bourdon gage 


m FIGURE P2.21 
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2.22 On the suction side of a pump a Bourdon 

pressure gage reads 40-kPa vacuum. What is the 
corresponding absolute pressure if the local at- 
mospheric pressure is 100 kPa (abs)? 


Plats) «€ Р ose ) + f (аёт) 
= ~WwkR + (m 4f. 


1 


2.24 A water-filled U-tube manometer is used to measure the pressure 
inside a tank that contains air. The water level in the U-tube on the side 
that connects to the tank is 5 ft above the base of the tank. The water 
level in the other side of the U-tube (which is open to the atmosphere) 
is 2 ft above the base. Determine the pressure within the tank. 


Pair td, (SH) =, (211) +0 


or 
b 
fhir * - (39), = -(311)(62,9 fs) 
a = 19745 


2=/? 


bo k 
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2.25 А barometric pressure of 29.4 in. Hg 
corresponds to what value of atmospheric pres- 
sure in psia, and in pascals? 


(Tn ж) p= х4 = (247 à „ — 2 fe = LU psia 


poe 


EA Pa) p= xh = (23.9 A ano J(4 tox m j* 74 3 ЁР (abs) 
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2.26 2.26 For an atmospheric pressure of 101 kPa 
(abs) determine the heights of the fluid columns 
in barometers containing one of the following liq- 
uids: (a) mercury, (b) water. and (c) ethyl alco- 
hol. Calculate the heights including the effect of 
vapor pressure, and compare the results with 
those obtained neglecting vapor pressure. Do 
these results support the widespread use of mer- 
cury for barometers? Why? 


( каала Vapor pressure ) (w, Thout Vapor pressure ) 
platm) = ЎА + Pp platen)» kh 
where b. ~ Vapor pressure 
(at 
Dus р. Phtm)- fv ja feel 
n 5 
d 
3 
3 wv = = 
Jol xio =, - 1.610 = [фу £08 So 
(А) For mercury : a > ME is oa E = — 
©з dug is 133 0ا‎ 
= OTET м = 6.15% i 
/ x0 S | T1310 X e 
0 mew Um wá = —— 
Ф) for water’ 4 = an” ^ DU ок А 
9 90 x103 & 4 toi 
fn 3 мл 
= 10.1 m = 10.3 m 
3 3 
(е) For eth] 101x155 2,-5.9 x10 E, р Jor я, 
alcohol ! A * - = — 
Т A TIR m 


/m3 


H 


= 44.9 <a 12.0 m 


Yes. For mercury barameters the effect of vapor pressure 
I5 negligible, and the vegumead height of The mercury 


column ^5 reasonable , 
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2.27 A mercury manometer is connected to a large reservoir of 
water as shown in Fig. P2.27. Determine the ratio, h,/h,, of the 
distances ,, and hm indicated in the figure. 


fy hy lol 
but fi = {% = On (Zhn) Ш FIGURE P2.27 


Ог 
(yiy = (2 m= Sw ) hm 
so that 


hw = (2йи-%) =2 SG, =| , where S65, - 18 = 13.56 


Ow 


5 22 (13.55) = 1 = 
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328 


сте Closed valve 


2.28 А U-tube manometer is connected to a closed tank 

containing air and water as shown in Fig. P2.28. At the closed 

end of the manometer the air pressure is 16 psia. Determine the 

reading on the pressure gage for a differential reading of 4 ft 01) 
on the manometer. Express your answer in psi (gage). Assume 

standard atmospheric pressure, and neglect the weight of the air 

columns in the manorneter. 


Air pressure = 16 psia 


Gage fluid 
(y = 90 Ib/ft3) 


2 
y d 
Page (aso мй on) + fo) 


= ont, = (ore d) usi) LER 
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| 2,29 A closed cylindrical tank filled with water has a hem- 


| pressure head, in millimeters of mercury, at the top of the dome 


[2.24 


ispherical dome and is connected to an inverted piping system 
as shown in Fig. P2.29. The liquid in the top part of the piping 
system has a specific gravity of 0.8, and the remaining parts of 
the system are filled with water. If the pressure gage reading at 
A is 60 kPa, determine: (a) the pressure in pipe B, and (b) the 


(point C). 


m FIGURE 


8 
= [03 Af 


(b) Р. = A- Oh C 
= Lo &P, - (аво хи А, 8 ) 


= 3 м 
= 50.4 хі LT | 
N 
s Р, 2 30,L XI pet А 
5, 133x 10? ل‎ 


Hemispherical dome 


P2.29 


) A+ Gel) m) + وہ‎ (m) = he 
b= GoAR + (8) 81x0, (зт )+ (f &bx |ы) 


@„23 0м 


= 0,230 т ( ^ ) e 230 am an 
— — 
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2.30 Two pipes are connected by a manometer as shown in Fig. 
P2.30. Determine the pressure difference, p, — рв, between the pipes. 


Gage fluid 
(SG z 2.6) 


BFIGURE P2.30 


4 


A 
Th “5, 


+ бо (0.5 0m qe Orba) = A. (оф) T UA (13-0 5m ) = T 


Fata Tap (tm) = yy (он robam + 13m -05m ) 


(2.6)(4.5! BL (obm) - (2.902% 1.) 


—332 BR 
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2.31 A U-tube manometer is connected to a 
closed tank as shown in Fig. P2.3{. The air pres- 
sure in the tank is 0.50 psi and the liquid in the 
tank is oil (y = 54.0 łb/ft°). The pressure at point 
A is 2.00 psi. Determine: (a) the depth of oil, z, 
and (b) the differential reading, h, on the ma- 
nometer. 


FIGURE Р2.31 


"E ATE Jia) 
ML MEE Ea =4+0o0ft 
SHO y ڪڪ‎ 


Gl Rae а) - (55, 1) & =° 


Thus, 
Ф, + фу [2ft) 


ENEN 


(2 (e EÊ )+ Eto J2 


Az 


— 
== 


ا 02.9( )305( 


= 2,08 +t 
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2.32 


2.32 For the inclined-tube manometer of Fig. P2.32 the 
pressure in pipe A is 0.6 psi. The fluid in both pipes A and B 
is water, and the gage fluid in the manometer has a specific 
gravity of 2.6. What is the pressure in pipe B corresponding to 
the differential reading shown? Te 
3 in. 

t 


FIGURE P2.32 


32 
f T Sno 72 ft) ¬ 2. E ft) sin 30° — d, [2 +) 
(where T ss The = specific weigh of The gage Fluid ) 


Thus, | 
P, = By, Xa GGA) sin 30° 
Ib 
= (06% ا )ر‎ L)- Gez. 8,4 f)(o.5) = 3*3 Re 
= 323 sp me e ARE = 5229 Pac 
2.33 


2.33 А flowrate measuring device is installed 
in a honzontal pipe through which water is flow- 
ing. A U-tube manometer is connected to the 
pipe through pressure taps located 3 in. on either 
side of the device. The gage fluid in the manom- 
eter has a specific weight of 112 lb/ft’. Determine 
the differential reading of the manometer corre- 
sponding to a pressure drop between the taps of 
0.5 Ib/in.?. 


Flowmeter 


Flow 


Let p and & be pressures at pressure taps. 
Write manometer 2f uation between Р and #,. Thus, 


fed (R4) рф = у ф = 


Во! 44 Mio ! = 
So That М 
d +, Ф, (2.5 =, f" m j 
byt - Yuzo [12 vi, 62. 2 
= [45 ft 


2.34 Small differences in gas pressures are 
commonly measured with a micromanometer of 
the type illustrated in Fig. P2.34. Thisdevice con- 
sists of two large reservoirs each having a cross- 
sectional area, A,, which are filled with a liquid 
having a specific weight, »,, and connected by a 
U-tube of cross-sectional area, A,, containing a 
liquid of specific weight, у,. When a differential 
gas pressure, p, — pz, is applied a differential 
reading, Л, develops. It is desired to have this 
reading sufficiently large (so tliat it can be easily 
read) for small pressure differentials. Determine 
the relationship between Л and p, — p; when the 
area ratio A,/A, is small, and show that the dif- 
ferential reading, Л, can be magnified by making 
the difference in specific weights, у, — yı, small. 
Assume thatinitially (with p, = p,) the fluidlevels 
in the two reservoirs are equal. - 
inthial 


level 


س 


initial level s 
fer gage Fluid 


luhen а differentia | pressure , Z^, (5 apples we assume tnet level in left 
reservoir dreps by a distance, Ah, and right [evel rises by Ah. Thus, 
The (nanometer eguation becomes 


pry(hrh-44) -42- X (4, 04h) 
В-Б= 4-5% + у (24А) t) 


Since the ДҮР ‚п The manometer are incompressidle, 
OGRA, = ЖА, er дар. А 
A Ay 
qnd if = з small Then ДАА << 02 and last term in Eg (I) 
Can be Ae erii o. Г has, 


=, = (2. - >, ) 4 


je 

У – ¥ | 
Gnd large Values ef А can be obtained for Small pressure 
differentials jf Ф, 15 small, 


or 


oy 


2.35 The cyclindrical tank with hemispherical ends shown 
in Fig. P2.35 contains a volatile liquid and its vapor. The liq- 
uid density is 800 kg/m’, and its vapor density is negligible. 
The pressure in the vapor is 120 kPa (abs), and the atmospheric 
pressure is 101 kPa (abs). Determine: (a) the gage pressure read- 
ing on the pressure gage; and (b) the height, Л, of the mercury 
manorneter. 


N 
7 Mercury 


HFIGURE P2.35 


| TE N 
(a) Let Y= apub of ий = (200 СЕВ 18501, 
ana 


Raper (gage) = |20.4P (abs) = lol RR (ats) = 19 AR 
Thus, 

"Hi LE p f (im) 
CEIM (паво M, ) (V) 


26.7 -k В 


(5) ED t. б) - Y (А) =o 


xi^ + (7850 B Mm) - (123 8, )(4.) =0 


A= Q4 O-À. | ^na 
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2.36 


2.36 Determine the elevation difference, Ah, between the 
water levels in the two open tanks shown in Fig. P2.36. 


Аа atm – (29) (0.4m) = 0, DO m 


2.87 


2.37 For the configuration shown in Fig. 
P2.37 what must be the value of the specific 


weight of the unknown fluid? Express your an- 
swer in lb/ft’. 


Unknown | 
fluid 


FIGURE P2.37 
Let ¥ be specific weight ef unknown fluid. Then, 


٥‏ ت | -]4 52229[ ta] - v‏ کیت ] ر 


and 
Y= LR [55-19 -(®1-зз)]%_ TTE Aus 
( 3:3— 1,4) in. ft 
- ib 
m Nl Bs 
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Ocean surface 


"ETE 


2.38 Ап air-filled, hemispherical shell is at- 
tached to the ocean floor at a depth of 10 m as, 
shown in Fig. P2.32. A mercury barometer lo- | 
cated inside the shell reads 765 mm Hg, and a 
mercury U-tube manometer designed to give the 
outside water pressure indicates a differential 
reading of 735 mm Hg as illustrated. Based on 
these data what is the atmospheric pressure at the 


Mercury 
ocean surface? 


Shel 


FIGURE P2.35 


let: ГА ^ absolute ai pressure inside shell = б, (0.7654 ) 
NL. surface аёт ospherie pressure 


o. ~ specific weight of seaunter 


Thas, manometer equation con be written as 


Ра е LR (lom) * бае (o $627.) "* 5, (0735m) = re 
Jo That 


Rin” £ - ae (10,36 m) + ^s [OTIS wiv) 


(133 4 Голыя) - (0.1 BY ) fm. 3654) + (133 AY os) 


Ц 


Ц 


749 4А. 
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*2.37 Both ends of the U-tube mercury ma- 
nometer of Fig. P231 are initially open to the 
atmosphere and under standard atmospheric 
pressure. When the valve at the top of the right 
leg is open the level of mercury below the valve 
is h;. After the valve is closed, air pressure is 


applied to the left leg. Determine the relationship 
between the differential reading on the manom- 
eter and the applied gage pressure, p,. Show on 
a plot how the differential reading varies with p, 
for А, = 25, 50, 75, and 100 mm over the range 
0 < p, < 300 kPa. Assume that the temperature 
of the trapped air remains constant. FIGURE P2.31 


With the valve closed and a pressure А ^ , applied, 


j 


A= 45-5 

ди; 
Where Р ant Ê are gage pressures . Er ommal 
Com pression ef ta pped air 


P= Constant 
So Met for constant qlr mass 
#4 


where ¥ is air volume, P 15 absolute pressure, and € and f 
refer te гт aud бна states | respectively, Thus, 


bu, T, = СХ )*z (2) 


e 


for qir trapped in right les. ve = A. (Ares of tube ) so Thad 


E4.(2) Ot be written as 

he 

ш Ba, | Ф А 
t x 
Substitute Eg <3) ‚ито Ро.) 7o 
l nan 
h=: ү E + m : 
Е бу g Gtm { p: 


[4 
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(cont) 
Equation C) Can be expressed in. he brm 


= ty + алл 2 fi = 
(nd) = (24. + E E Ó 


(nd the кооз of ius guadratic €g ua tion are 
age {Ж = emis (hy + Atha)? 
L 25, Е L 2 7 


75 evaluate Af the negative T tS used Since 4h70 for % =O 


Tabulated values of OR for various Values of fà are piven 
in the following table Sor different. values of A, adit b, „104%, 
an A eg = = 133 BN/m>) A plot of the пата flows. 


Um 3 


hi patm Y ha Py Ah(h, = 0) Ah(h=0.025) Ah(h=0.05) Ah(h=0.075) Ah(h=@.1) 
(m) (kPa) | (kN/m3) (kPa) (m) (m) (m) (m) (m) 
0.025 101 133 0 0 0 0 0 0 
0.05 101 133 30 0 0.0110 0.0212 0.0306 0.0394 
0.075 101 133 60 0 0.0182 0.0354 0.0517 0.0672 
0.1 101 133 90 0 0.0231 0.0454 0.0668 0.0874 
101 133 120 0 0.0268 0.0528 0.0781 0.1026 
101 133 150 0 0.0296 0.0585 0.0867 0.1143 
101 133 180 0 0.0318 0.0630 0.0936 0.1236 
101 133 210 0 0.0335 0.0666 0.0991 0.1312 
101 133 240 0 0.0350 0.0696 0.1037 0.1374 
101 133 270 0 0.0362 0.0721 0.1075 0.1426 
101 133 300 0 0.0372 0.0742 0.1108 0.1470 
0.16 Г к 
h,= 0.10 
0.14 4 — 
0.12 
di k eee h, = 0.075 
а ‚= 
0.08 T= h,= 0.050 | 


0.02 P di —- i 


0 50 100 150 200 250 300 350 
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2.40 The inverted U-tube manometer of Fig. 
P2.40 contains oil (SG = 0.9) and water as 
shown. The pressure differential between pipes 
A and B, p, — Pa, is —5 kPa. Determine the 
differential reading, h. 


BFIGURE P2.40 


&- vn (дат) + ¥, (Ё) + X, 23m) =, 


Thus 
4 (5-4) + mA (0.2m) - A (0,3 ) 
DONE Cu Т 
5x10 L, م‎ (9, 20x10°-,) (0.1m ) „ш 
EZ x0 Ж etal t 


grat 


А Carbon tetrachloride 
2.41 An inverted U-tube manometer con- 


taining oil (SG = 0.8) is located between two 
reservoirs as shown in Fig. P2.41. The reservoir 
on the left, which contains carbon tetrachloride, 
is closed and pressurized to 8 psi. The reservoir 
on the right contains water and is open to the 
atmosphere. With the given data, determine the 
depth of water, h, in the right reservoir. 
FIGURE P2.41 


Let A be the am pressure in lekt reservoir. Manometer egua бо, 
Сап be writin as 

3 ~ - = - = = = 

B+ C. í Ft eiie -ол фе) + у. (от) у, (а-га) =o 


Fy + десе, (0.3 4t) + ðo; Гол) ИЕ" 


дио 
(з И» Jlis ine ) +(945 PATE ft) «ло nel. 


aft 
6Z, 4 ae 


2 /.6 tt 
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2.42 Determine the pressure of the water in pipe А shown in Fig. 
P2.42 if the gage pressure of the air in the tank is 2 psi. 


f^ - J h, - (0.90y)ha + fh, T В FIGURE P242 


or 
PA = fair +õw(h, + 0.9 ha ha) 
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2.43 [п Fig. P2.43 pipe A contains gasoline 
(SG = 0.7), pipe B contains oil (SG = 0.9), and 
the manometer fluid is mercury. Determine the 
new differential reading if the pressure in pipe A 
is decreased 25 kPa, and the pressure in pipe B 
remains constant. The initial differential reading 
is 0.30 m as shown. 


FIGURE P2.43 


for The mihal Con figuration Y 


Py + Spas (0.3m) - Tg (0.3m) - y (Otm) = fry 
With a decrease in f pA ^ gage Fluid levels Change @+ 
Shown on Figure . Thus, а н Con figuration : 

1 

f * gs (0.3 ey (4h) - X. (o. va) =~ C2) 


Where all lengths are in m. Subtract Eg (2) from Eg.() de 
Obtain, 


[| 
p Sr + фа (a) = 4, (0.3 -4h) + (а) = о C22 


Since де „АЛ = 03 (see figure) Taen 


2.3-4h 
2 


A = 


ana from Ёд 3) 
1 ,3- åh ‚3-4% (= 
B -h + as (E Ds Ju, (2.3- ah) + hil (2221 ° 
Thas, , 
ape Bit * бе (008) Du Гоз) + ду foe 
u^ nes i ы 
and with 5 -4 = 254% im 


DEBES + (0.7281 Ф, Голем) (эз &* Noam) t (бен M 
— /зз $5 + (enen 2м.) + (oe 4812) ) 


3 


= O/O m 
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2.44 Тһе inclined differential manometer of 
Fig. P2.44 contains carbon tetrachloride. Initially 
the pressure differential between pipes A and B, 
which contain a brine (SG = 1.1), is zero as 
illustrated in the figure. It is desired that the ma- 
nometer give a differential reading of 12 in. (mea- 
sured along the inclined tube) for a pressure 
differential of 0.1 psi. Determine the required 
angle of inclination, 6. 


FIGURE P2.44 


When f, "P. is Increased to A-A the le column fal a 
dis tance, а, and The right Column vises a distance b along 
The srnhclined tube 4s show in figure . For This final Cent; uration : 


5, Ch a} - ба, (а +2 sino) i à. (4, -b sin ))- $ 


- 5, 4 (d, - C, (2 45528) 0 (1) 
The differential reading, Ah, along the tube is 
dhs ge тё 
Thus, trom E3.) 
ot e hp, )( 45 sno ( ٥ 
бы ыг 


and wih p'-4 2 0,1 pst 
б den S Mi ae 2 
(rats 995 A 


sina = 


ye Ah = 12 in. 


Thus, Р 
бд = 27: 8 
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2.45 Determine the new differential reading 
along the inclined leg of the mercury manometer 
of Fig. P2.45, if the pressure in pipe A is de- 
creased 10 kPa and the pressure in pipe B remains 
unchanged. The fluid in A has a specific gravity 
of 0.9 and the fluid in B is water. 


FIGURE P2.45 


For The Initial Con figura tion ` 
Р, + 3, (0.1) + б, (0.05 sin 30°) - X, o (0.08) * f (1) 


Where all léngths ave in т. Аел Р decreases left Column 


Moves up a distance, a, and right Colwmn moves down 
a distance A, QS shown in figure. For The final Configuration / 


+ y [o.l >a sin 30*) * Vm (s sin 30° + 0.05 sin 30° +а)— 
Yeo (6.08 + а) = 4, (2) 


Ё ‘ 
where A 15 The new pressure in pipe id 
Subtract E.) from Eg.) to obla 


В -hy + % (а Sin 30°) = 5s a (sin 30°41) + y, o ) = 0 
Th 
us, _ (P-ta) 


Y, Sin 30° = Vha (аи tot) я Í, o 
For hh 10 А. 
AN 


alg == 


2 = 


a 


(0,4)(4.3) £) (os) (зз #4 ose!) + Tos 


O. 0550 m 


New differentia | reading | Ah, measured along inclined tube is 
il to 
Ah= Sin 30° 


= О 0540o m 
0,5 


+ 0.05 ж а 


+ 0.05љт+ О. 054 т = 0,212 m 
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2. 4b 


2.46 Determine the change in the elevation Water 
of the mercury in the left leg of the manometer 
of Fig. P2.46 as a result of an increase in pressure 
of 5 psi in pipe A while the pressure in pipe B Pres =A, ~> 
remains constant. 


= sd. iin. diameter 


diameter 


FIGURE P2.46 


for the initial configuration : 


6 5 о I2 T. 
po^ ЕР a) ub. É sin 30°) =O COE (7) 
Where all Jeng tus are in ft. When 


f, increases do p, The 
left column falls by The distance, a, and The right column 


Moves up The dis tance, b, as Shown in The Agure, for The 
tinal Configuration ' 


E à o 
^ um л )- “hg Га. + 72 $/n 30 + b sin 30 i= 


bi (4-4 sin 30") + Ф (2) 
Subtract Eg. (1) from E4 .12) to obtain 


b- f + o و‎ (a+b sin 30°) + doi | [b sin 30°) =о (3) 
Since The volume of liquid must be constant A a = А,Ь, 
ау Fo in а вуч 
b za. 
Thus, E4.(3) Can be written 4s 


ty - Py + I la) - б (а + ta sino?) + ду) (ва 5030") =o 


So That 


and 


= (B -ha ) А -—1[5 k Niel, 
WE hu, (3) +B, (2) 62.4 2 - (#7 8) н yo) 


0.304 £t (down) 


11 


2.47 The U-shaped tube shown in Fig. P2.47 initially contains 
water only. A second liquid with specific weight, у, less than 
water is placed on top of the water with no mixing occurring. 
Can the height, h, of the second liquid be adjusted so that the 
left and right levels are at the same height? Provide proof of 
your answer. 


BFIGURE P2.47 


The pressure ak Point (1) must be egual +o 
the pressure at рип? (2) Since The pressures 


at egual elevatons in a Continuous mass 
o£ Fluid Mast be The same. Since, 


| РУ 


в: 


Hz 0 
These two Pressures Can only be egual А 


диг 


y= Yuzo . Since ¥F Yuzo We Cm Aguration 
Shown In The figure Is Not Possible. No. 
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*2, 48 An inverted hollow cylinder is pushed into the water as 
is shown in Fig. P2.48. Determine the distance, €, that the water 
rises in the cylinder as a function of the depth, 4, of the lower 
edge of the cylinder. Plot the results for 0 = d = Н, when H is 
equal to 1 m. Assume the temperature of the air within the cylin- 
der remains constant. 


BFIGURE P248 


For constant temperature Сат pression within the Cylinder, 
Р. LA = t Ve a) 
where V^ u& the aw volume, and с and refer +o the 


nihil ana ital States, respectively . IE follows that 
(see Agure) 


eo Boe # (44) + hey 
4 Fon pna 
Thus, from E3. (D 
{ у, (>н) = (¥(d-2) +p aD (H-4) (2) 


Ana with 
RN 


[P lol kPa , = 4.85 EH 


ana H= Im 


9.2) Periti РУ Te 
£*— (а+п.31) 1 + d (im) =o 
So that ( using tne Quadratic formu Га) 


Ba УОЛТЕР ет СИ 


2 
Synee for A=0, Джо, the negative Sign should be 
Used dna 


Й = (2 +з) - V 4241804 +128 
x co a 


Ta bulated dada wim the Corresponding Plot are 
Shown оп the following Page. 


(Con t) 
2-42. 


Water rise, 4 (т) 


(опол 2 
Depth, а (т) Water rise, r, (m) 

0.000 0.000 
0.100 0.007 
0.200 0.016 
0.300 0.024 
0.400 0.033 
0.500 0.041 
0.600 0.049 
0.700 0.057 
0.800 0.065 
0.900 0.073 
1.000 0.080 

0.080 = 

0.070 

0.060 - 

0.050 

0.040 

0.030 - 


0.000 + 
0.000 


0.200 


0.400 0.600 
Depth, d (m) 
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0.800 


1.000 


*2.50 


*2.50 A Bourdon gage (see Fig. 2.13 and Video V2.3) is 
often used to measure pressure. One way to calibrate this type 
of gage is to use the arangement shown in Fig. P2.50a. The 
container is filled with a liquid and a weight, W, placed on one 


side with the gage on the other side. The weight acting on the ` 


liquid through a 0.4-in.-diameter opening creates a pressure that 
is transmitted to the gage. This arrangement, with a series of 
weights, can be used to determine what a change in the dial 
movement, 0, in Fig. P2.SQb. corresponds to in terms of a 
change in pressure. For a particular gage, some data are given 
below. Based on a plot of these data, deter mine the relationship 
between Ө and the pressure, p, where p is measured in psi? 


W (Ib) | 0 | 1.04 | 2.00 | 323 | 405 | 5.24 | 631 
(deg) | O | 20 40 60 80 100 | 120 


p= = 


Area. 


Frem Irap 4 


WW Cis) 


x (0.4 n) 


Bourdon Gage 


0) (а) 
mM FIGURE P2.50 


= 79920) (1) 


(where P 13 ти psi) 


90 = 0.0522 Ө 


So That trom 24.0) 


Ф (pse) 


= 0.05220 


EITE 
aned 
Pb(psec) = 0.4/4 © 

Theta, deg. W, Ib 

0 0.00 _ 

20 1.04 8.00 4 W = 0.0522 © 

40 2.00 

60 3.23 

80 4.05 

100 5.24 

120 6.31 

0 50 100 150 
Theta, degrees 


2.51 You partially fill a glass with water, place an index card 
on top of the glass, and then turn the glass upside down while 
holding the card in place. You can then remove your hand from 
the card and the card remains in place, holding the water in the 
glass. Explain how this works. 


In order іо hold the index card in place when the 
glass is inverted, the pressure al the card-water Bi 
interface , ,, must be f) 7 =W where Ais the upright 
areq of the glass opening and Wis the card weight. 
Thus, р =-W/A. Hence, f Ўр or 
fo = - WA-th (gage). 
Since the amount of air in the glass remains the 
same when it is inverted, 


0, AH, F&A AH; , where u and ¢ subscripts 
refer to the upright and inverted conditions. Thus, 
H; = i А Bul p=eRT so that 
e (£e) _ 


inverted 


* (nm D. provided the temperature 


remains constant * T; = Ta . Mote : Since we are Using the perfect gas law 


the pressures myst be absolv]e — fu = Pain , f= fa- MA Fh ay 
Hence, from Eqs. (1) and (2): 


(з) H; 1 PC е Ha That is, when the glass is inverted the column 
Patm | of air inside ex pans slightly, cay sing 8 «fal 
gap of size AH between the lip is the glass 
and the index card. From Eq.(3) this AH is 


Palm + 
Faia Уй ETL = Fam -w/3 ир тү ME > К 
Tf this gap is “large enough" the water wovld flow ovtof the glass and aw into ff 
If f is'small enough surface tension will allow the slight pressure difference 
across the air-water interface (i.e. p, =- WA) needed to prevent flow and 
thus keep the index card in place. Recall from Equation (1,24) in Section 14 


(+) AH = А-у =( 


(con't) 
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that the pressure diffenence across an interface is 
proportional to the surface tension of the liquid, 0; 
and the radius of curvature, R, of the infertace. 

That js, A~ T/R 

Thus, for small enovgh gap, ^, which gives a small 
enough interface radius of curvature, 0 surface 
tension is large epuvgh to Keep the water from 
flowing and the index card remains in place. 


Consider come typical numbers to obtain an 
approximation of the gap produced. 


Assume А = 3in. = 0.25 М. Hz 2 in, = 0.147 ft aly = 14:7 psia, 

and W/A << А. That /s, the weizh} ot the card is mich less than 

the weight of the water in the glass (е, W<<¥Ah). 

Hence, from Eg, 0): А 

aH =( th ) y s 62.4 is (0.25 №) se 
foim = fh y (147 HABE) = 62,415, ( TY dis 

or 
DH = 0.00124 f! = 0.0/49 in. 


This is apparently а small enovgh gap to allow surface tension to keep the 
water in the glass, air evlef sf, and the pressure at the wafer = cand 
interface Гош enovgh to keep the card in place. 
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2.52 А piston having a cross-sectional area of 
0.07 m? is located in a cylinder containing water 
as shown in Fig. P2.52. An open U-tube manom- 
eter is connected to the cylinder as shown. For 
hı = 60 mm and A = 100 mm, what is the value 
of the applied force, P, acting on the piston? The 
weight of the piston is negligible. 


FIGURE P2. 52 


For eguihidrium y PF 44 Where A, ss The pressure acting 
on piston 4nd A, ss The area of the Piston. Also, 


hs 
(133 EV )( 0, 100m) - (25055 Ya obom) 


12.7 BN 
т?” 


Thus 
2 Р = (12.1 ДА )(0.07 m?) = LIIN 


xu 


2.53 A 6-in--diameter piston is located within a cylinder 
which is connected to a 3-in.-diameter inclined-tube manometer 
as shown in Fig. P2.53. The fluid in the cylinde; and the ma- 
nometer is oil (specific weight = 59 Ib/ft?). When a weight W 
is placed on the top of the cylinder the fluid level in the ma- , 
nometer tube rises from point (1) to (2). How heavy is the 
weight? Assume that the change in position of the piston is 
negligible. 


m FIGURE P2.53 


With piston alone let pressure on face of piston = E^ y and 
Manometer eguetion becomes 


P = Жу, % Sin 32° 55 


P 

Wim weight added pressure Ф, Jncreasés Po A where 
/ qx , 

* = p^ 4 “Ap ( Ay area of piston ) 


and manometer £ § uation becom es 
" à (A + Er) sin 30° =0 
Subtract E2.0) from £g 2) to obtain 


B-A - фу, б) ма 30° =e 


"d ML * Oy [2 #) sin 30° 
» 


W ГА 
— " = (59 Ж.) E flos) 
“($4 


“w= 2,90 lb 


Q A cl 
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(1) 


(2) 


жс»: этапын see ee Ee ee шша ичсе 


2,5% 


2.54 Acircular 2-m-diameter gate is located on the sloping side 
of aswimming pool. The side of the pool is oriented 60° relative 
to the horizontal bottom, and the center of the gate is located 
3 m below the water surface. Determine the magnitude of the as 
water force acting on the gate and the point through which it 
acts. 


60 
Fp = f. A z Lh A, where р. 23m 5E 3 
Тђ из, 
Fe =(#%#®)(эл)(Ж(2т*) = 942 КМ 
Also, à 
к “ “ 
JR а "zi А where for a circle Iy, = Ê z nii) = л* 
and cos30 = ле SO that 
ے‎ he 3т h, 
Kusi "тузу = 346m by, 
Hence, c 


~ xc zm 
E = a we ANE 
Je Ус УЙ (зит) zm. 


Thus, the resultant force acts normal to the gate and 
0.0723 m from the centroid, along the gate. 


= 0,0723 m 


2-49 


2.855 А vertical rectangular gate is 8 ft wide 
and 10 ft long and weighs 6000 Ib. The gate slides 
in vertical slots-in the side of a reservoir contain- 
ing water. The coefficient of friction between the 
slots and the gate is 0.03. Determine the mini- 
mum vertical force required to lift the gate when 
the water level is 4 ft above the top edge of the 
gate. 


= SAA 
= (2,4 2, (e Æe tt «10 #) 


39,400 lb 


ZF 


horis safe] 
T hus, 


N= Fe = 39, 400 |b 
Z БУУР, =о 


2 


E = (eoo lb + (0,03)(34 боо lb) 


= 7200 |b 
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| (0.038) =F 
*— X 


Fk 


booo b 


Б, ^ Maximum 
Frictional force 


Fa force + lift gate 


2.56 А horizontal 2-m-diameter conduit is 

half filled with a liquid (SG = 1.6) and is capped 

at both ends with plane vertical surfaces. The air 

pressure in the conduit above the liquid surf ace 

is 200 kPa. Determine the resultant force of the А, v area of 
fluid acting on one of the end caps, and locate end 
this force relative to the bottom of the conduit. 


Fa ir 


~ а 
АТ rea 


К : Coveved bu шга 
= pA, where р t's air pressure 


Te 
Fair = (200 xi E, (3) (ao) = Qeom x10 N 
= y А, where a. * 4 R (see: Fig, aize) 


3T 


at 
3 li 1. 

Р. ИШ no) T Jy Jem) = E xw 

For F; 


guia j 
T Tye 


Thus, 


4 
З Ey - = 6.1048 R (<ее fy. 218e) 
8 ce Хе. 


پا 
(1m)‏ 0.1098 


ү + 
[tes fie) (X ae) 
3 
Since Mt ita) = Fy ¢ бале” (aee + 10.5 )хюм = БЛ 
we Con sum moments about О + locate vesultaat + obtain 


Е 


Yesullant Са) = Es (im) T (Im – о. 584 Lue) 


i 
So hat 
(aeom хю?н)(ї=) + (10.5 x10°N)(0. 109m) 


634 x 103 N 


= (0,940 m above  beHem of conduit 


Aagi 


2.57 Forms used to make a concrete basement wall are shown in 
Fig. P2.57. Each 4-ft-long form is held together by four ties—two 
at the top and two at the bottom as indicated. Determine the tension 


in the upper and lower ties. Assume concrete acts as a fluid with 
a weight of 150 lb/ft’. 


2h90 or bie =F, BFIGURE P2.57 
and 


Z „50, or LE * EE "efe, where = pA =. А 
T hys 


Б = 15048 (5 #1) (HAH) = 30 000 lb 
Also, т 
А = lot = Yn = 10H - ye Og X = 108 -he = уу 
= JoH - 5 ff AN 
& tt (/oti) (4H) 
" = 5 f1-/47fl 
by = 3.33 ft 
Thus, from Eo. (2): 


(9 f F, * (18) E, = (3.33 #) (30, 00010) = 99 900 #16 
or 


qf, t fa = 99900 

From Eg. 0), F,*Fa = 30000 lb, or E, = 32070 - F, 
Thus, from Еа. (3), 

VF, +30,000-F =99 900 


on 
F,* 8,7#0 so that Б = 30 000/b - &740/5 =21 260 


hinged on one edge. Determine the minimum air pressure, P» 
within the container to open the hatch. Neglect the weight of the 
hatch and friction in the hinge. i 


m FIGURE P2.58 


where = lOm + 4 (2н) sin 30° 
= /0,5m 


А Mio 5m =) ы)" 


= Fx N 
To /ecate Fr, 
4 La * LA td here 
That А 
Yee = (X Yom) 
(ZI om Kat) (т)? 


Jo 


T Zlay 


For eguilibrum, 
2 М„=о 
Jo That 
5 (.2/. 0/2. —20 m) = P Mim)’ (lan) 
(3.33 x10 N ) (1012m) 


= T ے‎ fa 
Р T (Тат) (lon) /07 6 а 
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2.59 Along, vertical wall separates seawater 
from freshwater. If the seawater stands at a depth 
of 7 m, what depth of freshwater is required to 
give a zero resultant force on the wall? When the 
resultant force is zero will the moment due to the 
fluid forces be zero? Explain. 


For а 7ro resultant force 


= 


o'er: 


Fes = Fer 


^ 
5 8 А; А L^ A А, 
Thus, for а unit length of wall 


9 


o 


RSA РӘ 


STR, 


d 9 "Lua 


Ln ovder for moment to be 79e, Б. and Fee must be collinear., 
For Fg: E ES (сыў му” 


z + lm = oy м 
LT m) (лм х1м) 


Simlarls for Fre ' 


A (im) (лп) 
dee 


(T m) (тпа кі) 
Thus, the distunee b Fes trom е bottom (pon? о) is 
Tm Элп = 233m, For Frey this distance 25 


+ МЫ м = f14 nu 


Dilam~ ^] = 2.370. The forces ave not болеак. No. 
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2.60 E 


m mi. lum o EEL 
2.60 A pump supplies water under pressure to a large tank as T 
shown in Fig. P2.60. The circular-plate valve fitted in the short Р ý 
discharge pipe on the tank pivots about its diameter А-А and is 
held shut against the water pressure by a latch at B. Show that the 
force on the latch is independent of the supply pressure, p, and the Pressure P Supply 
height of the tank, A. SÉ 
he 
Water 
h 
6 А26 
1 


HM FIGURE P2.60 


The pressure on the gate is the saine 
as it would be for an open tank with a 


ie E IT 
ў 


C 
as shown in the figure. 


A 
Z, M =0, or th 


@ бй = R Fg ЖК 
چ‎ Fp 
where 
Fa = fal = рт") = (pt¥h)(TR*) 
and TR А 


Те | 


У FA = онт = GPa) 
(1) R Ye "m ( нутк" = «(f th) 
y 
Thys, from Eqs. (I) and (2) 


Е = (yg - Y) О ИВ. 
5 CUR ° afe) 
ог 


hg = LER „which is independent of both p and h. 


(Pith) (TR?) 


2.61 A homogeneous, 4-ft-wide, 8-ft-long rectangular gate 
weighing 800 Ib is held in place by a horizontal flexible cable 
as shown in Fig. P2.6} Water acts against the gate which is 
hinged at point A. Friction in the hinge is negligible. Determine 
the tension in the cable. 


E = rh. A Where A. (f+) sı bo’ 


Thus, 
Es (62.4 8. Mf unitis ка) 
= 3890 h 
% locate Fre 2 
pe Te + h 
Јь z 4 A f t) Ae ye 4, -34 
Jo That 


ваа) 
Je (3 Fe (CA А) 
For eguili brum, 
2M, =O 
d 
T (ва Мад) = 90 BAN tosts) + B (244) 


= (Goo Ib) C442 )(tos bo J+ (6342 Ib) (2 £2) 
E (8 fe )Csin 60°) 


зр = Xo Ét 


at 


= /350 /h 


4.63 


2.63 An area іп the form of an isosceles tri- 

angle with a base width of 6 ft and an altitude of 

8 ft lies in the plane forming one wall of a tank , 
which contains a liquid having a specific weight | 
of 79.8 lb/ft’. The side slopes upward making an 

angle of 60° with the horizontal. The base of the | 
triangle is horizontal and the vertex is above the 

base. Determine the resultant force the fluid ex- 

erts on the area when the fluid depth is 20 ft above 

the base of the triangular area. Show, with the 

aid of a sketch. where the center of pressure is 

located. 


c "| sy qot jj, ^ OA 


E 40.63 ft 
Center of 


he = 4 sin bo’ pressure 
=- YA A = (78.8 а. {зан Ft) sin bo” (2) (еве) 


= 23 Goo |b 
DA} 


MED "n 3 
dr Е 7 E + 4 Where VN =z m (2734773 
hus, 4 URBA 


+ dows à  * Jb #1 


(20,43 4t)(4)(6 fext4t) 


The force Fe atts Through the center of pressure which 


is located a distance of 29. ph- 20,6 FE = Zug ft 
51h Фо? ڪڪ‎ 


above The base ef The triangle as shown rn sketch. 


2357 


2. 6# Solve Problem 2.63if the isosceles triangle is replaced 
with a right triangle having the same base width and altitude as 
the isosceles triangle. 


Fz = 33 900 Ib 
y'= 249 £1 


(are solution fe 
Froblem 2. 63 y 


"ET 


+ X 
A A : 


= teh Cen). 32 f" 


Pressure 


Lage Е u ا‎ = (see Fig. 2.12 d ) 


ТА. 
and do 20,43 ft f see Solution fy Problem 2.62) 


Thus, 32 ft* 


The force Ё, , acts Through The center of pressure witu 


Coordinates ar da 2.07 ft aaa UE 49 Ft (see sketch ) 


oe و‎ |ы : 
А (Ao.43 Ft )(z)(tfece fe) gt ету. 
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2.65 А vertical plane area having the shape 
shown in Fig. P2.65is immersed in an oil bath 
(specific weight = 8.75 К№/ т"). Determine the 
magnitude of the resultant force acting on one 
side of the area as a result of the oil. 


Break área into two parts as shown Ih figure. 
For area І 


Y, A, 


(3.75 4 )( £2 fem хим) = 290 Ёл 


7 


^ei 


Fer aren x 


2 = 9 Az 
(5 ym) = 9334N 


Fa, = Ёт Б, = AGOAN + IRN = 313 4N 
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2.66 


| 2.66 A 3-m-wide, 8-m-high rectangular gate is located at the 

| end of a rectangular passage that is connected to a large open 
tank filled with water as shown in Fig. P2.66. The gate is 
hinged at its bottom and held closed by a horizontal force, Fy, 
located at the center of the gate. The maximum value for 
Fj, is 3500 KN. (a) Determine the maximum water depth, h, 
above the center of the gate that can exist without the gate 
opening. (b) Is the answer the same if the gate is hinged at the 
top? Explain your answer. 


BFIGURE P2.66 


Aor gate hinged at — bottom | 
LM y =O 
So That 

(Hm) Fu, = L Fe a [P (1) 


ang i 
E, = dh A = (10 )(&)(3m18m) 
(9 90 X24 4 kN X be hy 


I 3 Hy 
y= Lee ny та Y g rere 
"o4 Cet I Carie) i 


= 53844 


Fu 


Ц 


i 


Thus, - 
lms Ars- (perk) = #- E 


ana trom Ea (1) 
(4 от) (3500 kN) = (¥- $25) (430 x 24h.) АК 


So that 
A = '" m 


(con t ) 


2.66 ( Cont) 


For gate hinged аў top 


pA Mly -0 " 
So That E wm 
(4) Б, * Lt (see Ligure ) (1) £, 
ta he re ) Fe Fa 
= (8.32 = - 
й = Yp- h-4) = (632 +4) (A-4 
" za +4 f = Je (А-6) 


Thus, From Ез (1) 


(As (35004) = (5:25 „ч Y'o3ox 24)0.) АМ 
Qnd 
4 = /3. 5 m 


М ax imam depth Tow gate hinged at ор 15 
less Than ‘maximum depth fer gate hinged at 
Jo tonm. 
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2.57 А gate having the cross section shown 
in Fig. P2.67closes an opening 5 ft wide and 4 ft 
hiøh in a water reservoir. The gate weighs 500 Ib 
and its center of gravity is 1 ft to the left of AC 
and 2 ft above BC. Determine the horizontal re- 
action that is developed on the gate at C. 


F=¥ he, A, where Je, = 3H+Lft 
Thus, 
Б (262, (ott (st x st) 
= 15,600 lb 
To locate Fr, 


3 
Рр L (set) st) + ie © tis He 
i (1a. 5 f£ )}(®-КЁх SFE) 


F= Ф А, Where Ф = d o (яд £4) 


Ec Xs (2 R)U) = Gz * Fes ape) xst) = 11,230 lb 


For egui) brium Р 


E №, =O 
et Bgy- ££) + W (1f) - E (%)(з+®) - E Cre) 
o That ai з 
(15 boo 1612.67 tt- mtt) + (Soo te) UFE) -41,230 BE FE) m 
x /—————— д | 


2.-62. 


| 2.68 The massless, 4-ft-wide gate shown in Fig. P2.69 piv- 
ots about the frictionless hinge O. It is held in place by the 2000 
Ib counterweight, W. Determine the water depth, Л. 


Width = 4 ft 


h 


жй 


Бе ҮА where haz 3 


Thus, 7. 
оң бык © h xd) 


Ы m b (ef) 


Б locate б, LAM), 
"n 2 (tk) ts 


Por eg Mh Brit, 
21И. = 
Fd = W (Ft) tJ he re d = 4-9 = E 


that 
( 2e00 Ip ) (3 £22 
(By, 6 Fe) 


P (3(2oco /Ь ) (3 £e) 
NEL. 


he 5290 


*2.64 А 200-b homogeneous gate of 10-ft. 
width and 5-ft length is hinged at point А and 
held in place by a 12-ft-long brace as shown in 
Fig. P2.63. As the bottom of the brace is moved 
to the right, the water level remains at the top of 
the gate. The line of action of the force that the 
brace exerts on the gate is along the brace. (a) 
Plot the magnitude of the force exerted on the 
gate by the brace as a function of the angle of 
the gate, 6, for 0 x 0 = 90°. (b) Repeat the 
calculations for the case in which the weight of' 
the gate is negligible. Comment on the results as 
0 — 0. 


`4) For the free- body - diagram of The 
gate (see Figure), 


2 Б =o | 
So That | 
RIS) + WE cose) = (Бу бөз$)[Дзв 0) + [F зов) (Пв) en | 
Also, | 
Asna = L sin $ (assuming hinge and end of | 
brace at same elevation) | 
or 4 ; | 
5/7 b= ra Sin 8 | 

ana 


L 
Берд Y (AS) (Ou) 
where w 15 The gate Ld 7 , Thus, EG ay Can be wr Hen as 


3 | 
Куат) w + мг CoS = БЕ кыйл» аа) | 


So That : " ( lw ay | 
Б. = [Ae] sine + CR sô Е 6 ] tano + ы - 
Ces d S/2 B + Sih É Cos 6 tos d tan Ө + sind | 

For Y-e62.* 5/42, L=5 4, иг /b f£, and W = 2001, | 
= (624 ês SF? йон fing е ^ 2000 пд +100 | 

E ed jano cesmd OS fub e sd di 
(cont) 7 


2 


(con't ) 


Since Sih $ = Sinð ond L: Sft, L= /2 f 


£ 
5 

' = 5S. . 
sing = 3m 5,2 8 
and for а ta ©, d Can be determined, Thus, E3. C) 
Cun be used P determine г Jor ud given e. 


(b) For =0, £ $.(3) reduces te 


Fo = 2600 Find _ (4) 
Cosh fin + sing 


Gna Eg in) Cen be used +o determine Fz tor a 
given ё®. Tabu lated data of Fz VS, @ for 


eth 0) = 2001) ang W=0lb Are given below. 


Ə, deg — Fg Ib (W =200 Ib) Fg Ib (W = 0 Ib) 


90.0 2843 2843 
85.0 2745 276 
80.0 2651 2633 
75.0 2563 ` 2536 
70.0 2480 2445 
65.0 2403 2360 
60.0 2332 2282 
55.0 2269 2210 
50.0 2213 2144 
45.0 2165 2085 
40.0 2125 2032 
35.0 2094 1985 
30.0 2075 1945 
25.0 2069 1911 
20.0 2083 1884 
15.0 2130 1863 
10.0 2250 1847 
5.0 2646 1838 
20 3858 1836 


A plot of the data is alven on The 
following page. 


(Lon +) 
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(con't ) 


4500 -— —4—- ———— 
A000 d tt 
3500 | 
3000 
2500 + 
2000 +- 
1500 | 
4000.+———| اا — لا‎ 
500 + او اا‎ ol - 

0 


Force, Ib 


0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 9n 
Theta, deg 


(b) (ten 1.) 


As 86-0 Те value of Fz can be determined trom ERO], 
2600 tan© 
Cos ¢ пб t sing 


a 


Since 
S/n $ = E ور‎ 


/+ follows Mat 
tos p= ИРУ — ym AJ 


and There gre 
2620 tanb 2600 


Е = » BU аы, Ил 
8 RE | 
/- G, “5% Aanb Г; ji- Ё) зт? OF 5 ab 


Thus, as 6o 


{гү 
4 


Рио № 


Physically This result CANS 7hat for ө = О; 7he value of Fy 


[5 ДЕ аде, but fy any “Very smal!" volue of 5. Fa | 
wi// approach I? #0 lb, | 
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2.70 An open tank has a vertical partition and on one side 
contains gasoline with a density p — 700 kg/m? at a depth of 
4 m, as shown in Fig. P2.70.A rectangular gate that is 4 m high 
and 2 m wide and hinged at one end is located in the partition. 
Water is slowly added to the empty side of the tank. At what 
depth, ^, will the gate start to open? 


HM FIGURE P2.70 


Fes T و‎ ^, As | 
Where a refers +o gasoline . 


Fey? (Too %8 UE (2m) (tra м) 
= Поки N = WORN 


Кыт. Жы hey Аа 
where w refers to water. 

À 3N V haus 
Fe (4.80% n^ C8) (2 xh] 
Where h is depth of water. 

Fe = (9.80 x10) А 


For equilibrium 3 


z 4 ге 
Fh tw = Fag ty urb Д. З аа Дз 


Thus, (q.80 x 103) (e) (3) (| io AION) (+ m ) 


And h= 3.55 am 
Which is The limiting Value for h. 
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2.71 А 4-ft by 3-ft massless rectangular gate is used to close 
the end of the water tank shown in Fig. Р2.7/. A 200 16 weight 
attached to the aim of the gate at a distance ¢ from the friction- 
less hinge is just sufficient to keep the gate closed when the 
water depth is 2 ft, that is, when the water fills the semicircular 
lower portion of the tank. If the water were deeper the gate 
would open. Determine the distance £. 


as mn Hinge 


200 Ib 
Gate 


E FIGURE P2.7! 


Rakh A where h= it TUR EN S 
pic 


Foy i brium 


ponts 3T (т. ee) 


locate Fr, 


"6369 


2252 IL 


Exe 
Sp 
5. А de 


o.1048 Rt E ЧЕ 


EE) OT 
(6. 6.1048) (2ft)" 4 (2) _ | (T5 f& 


ч (2f Lo pes m ft? 3 3m 
"s 


) 


2 hy =o 


So that 


Wl = Б. (i fe + Ye) 


And 


їй ү fee Liaw eel. = арй 


2 oo lb 
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(see Fig. 2,19) l = 


| £+ a 


Y 
— | w f 
2.72 A rectangular gate that is 2 m wide is | Water 7 
located in the vertical wall of a tank containing 10m 7 
water asshown in Fig. P2.72. It isdesiredto have @ je IR 
the gate open automatically when the depth of E 
water above the top of the gate reaches 10 m. (a) y 4 
At what distance. d, should the frictionless hor- * N | 


izontal shaft be located? (b) What is the magni- en £ 
tude of the force on the gate when it opens? | А 
FIGURE P2.72. 


(4) Hs depth increases the center of pressure moves toward the centroid 
of the gate. Lf we locate hinge at у. when depth=lomrd, 
the gate twill open automatically fer any further nerease in depth. 


Since, 


3 
Тхє A (аа eae) 
2 Io E dub Tti ез /2 = [a.m 
бк б А & озды kon) Р 
Then 


и 


а 


г Эш lOm = ІД. Пат - 10m = 2.11 m 


(4) For the depth Shown, 
А z yh. A = (7.80 ЁР Nia) = х ьм) = 94] RN 
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2.73 A thin 4-ft-wide, right-angle gate with negligible mass i 
is free to pivot about a frictionless hinge at point O, as shown ыы 
in Fig. P273. The horizontal portion of the gate covers a 1-ft- 
diameter drain pipe which contains air at atmospheric pressure. 
Determine the minimum water depth, h, at which the gate will 
pivot to allow water to flow into the pipe. 


Right-angle gate 


Hinge 


& FIGURE P2.73 


For eguili briam 
P P4 =o 
Fk х £ й Fe * a p 


I 


D rh. А, 


= (62.4 BA) (+t xh) 
1251}? 


Poy the force 6A the horizontal portion of the gate 


Cwhich 1s balanced by pressure on both sides except 
for The area of the pipe) 


Hs YAGDRY = бан By) TY 
ool rin 
Thus, from Ед. 0) wı a and L, > 3544 


Gash?) = (40h) (34) 
h= | 98 ft 


2.1% 


Use the concept ef The pressure 
prises (sec Figure) 4 


беџ 5 vn ke, A, 
5o That 


2.74 An open rectangular tank is 2 m wide 
and 4 m long. The tank contains water to a depth 
of 2 m and oil (SG = 0.8) on top of the water 
to a depth of 1 m. Determine the magnitude and 
location of the resultant fluid force acting on one 
end of the tank. 


= (0,8 бет = 2) m im x 2) 


= 7.85 Ам Let ur~ width = Дом 

Fea? $^. where 2 is pressure at depth +A, . Thus, 

Race A, ) Chew) =(0,8)(9.81 = *, imam) 314M 
Also, 

без S d, LM A, Se That 

Fea = ых) = (7.80 ҮА lam xd) = 39% by 

Thus, 

B= fe, т Fer then = LESAN + 34 hN + 342 kN = T&54N 
Te locate A Jum тотёл іт around ал Through ð, 3o That 
A= Fy, + Б.а thy (n 


Where d, m dis tance ts Fr. Since Fi) Fe, , and fra act Through 
The centrojds of Their respective pressure prisms tt follows That 


x * : А К 
= 3 (im) D d, = Lm + Га = 2am dy = Im + S (am) 


and fren E30) 


(7. 854 w Y SX im) (31. bAW 2л) + (39, 2 kN )( 1e + tar) 


d= 


75.5 4M 
= 2.03 m (below oil free Surface ) 
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(Cont) 


*).75 Апореп rectangular settling tank contains a liquid 2.0 [25 
suspension that at a given time has a specific weight that varies ad 12.7 
approximately with depth according to the following data: 2.8 12.9 
3:2 13.0 
ачаан эт e س‎ 3.6 13. 1 
h (m) Ж (kN/m?) SCE Sl 
0 10.0 

0.4 10.1 The depth h = 0 corresponds to the free surface. By means 

0.8 10.2 of numerical integration, determine the magnitude and lo- 

1.2 10.6 cation of the resultant force that the liquid suspension ex- 

1.6 3 erts on a vertical wall of the tank that is 6 m wide. The depth 


of fluid in the tank is 3.6 m. 


The magnitude of Же Jh kree Ё 
Can be found by summing The а 


forces acting on The horrgoatel strip shown 
l4 The ША Thas, 


oa ЭЛ. (1) 


where $ E The pressure at depth k. 
Jo Lnd Р we use Ge. 24 


E sap 
and ti ty A. 


PA): 7 (2) 


eet C2) Can be rateg rated onmens 45129 The 
т ~ 
* N / 
‚ш mih. da | rule, te, I: Z P Art )Gx. > x 


Where 9 ~ х, X n A and n= сы of TAA pointy 
| Jhe pressure distri bution 15 given below, 


h, m y, KN/m^3 Pressure, kPa 


0 10.0 0 
0.4 10.1 4.02 
0.8 10.2 8.08 
12 10.6 12.24 
1.6 11.3 16.62 
2.0 123 21.34 
2.4 12.7 26.34 
2.8 12.9 31.46 
3.2 13.0 36.64 
3.6 13.1 41.86 


LUL 


(con't ) 


Equation l!) Can now be inte grated numer: cally 
using The trapezoidal rule with Ya P and ре. 


. $ i N 
The appre x Imate Value of The categral is 74 og e! s 
Thus, wi 


on 


7* # 
[54 = 7/07 AM 
[^] 
Б, = (е. тит ES = ^26 N 


P^ We canis fe Sum moments about axis formed by Intersection of 
vertical wall and Hard surface, Thus, 


H | 
ж: b [е pad (3) 
. o a 
The integrand, hp) Can new be determined an 
IS tabulated belor. 


h, m Pressure, kPa h *p, kN/m 


0 0 0.00 
0.4 4.02 1.61 
0.8 8.08 6.46 
12 12.24 14.69 
1.6 16.62 26.59 
2.0 21.34 42.68 
2.4 26.34 63.22 
2.8 31.46 88.09 
3.2 36.64 117.25 
3.6 41.86 150.70 


L3) can now be integrated numerically 


E дале п | | М паца 
изу Mine маз E 174 YAN. 
e Гара = [7&9 BN 
о 
i follows trom 29. (3) That 
A 
? - ШЕЛ; _ Cem) TEAM). . —À 


R Fe “#26 А М 


The resultant force acts 2.06 т below ий Surface. 
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2.76 The closed vessel of Fig. P2.76 contains 
water with an air pressure of 10 psi at the water 
surface. One side of the vessel contains a spout 
that is closed by a 6-in.-diameter circular gate that 
is hinged along one side as illustrated. The hor- 
izontal axis of the hinge is located 10 ft below the 


N 
À 
N 


gate 
water surface. Determine the minimum torque 
that must be applied at the hinge to hold the gate з, 
shut. Neglect the weight of the gate and friction EES 
at the hinge. 
— = 
——— M 
Т Ы" 
Р Рр р" loft > H 
1 oe : ^ y 
fo hydras ће. pressure disfri bution C (2:05) 
of water. к^ 


F + 
Thus, E x 
A = S = (о a Хн (Ж ч 18 fe) i 3 I 


= 183 طا‎ 
аһа 


Pa = A A Where hs loft + i [E 00) | = 10.15 £+ 
5o that 


ЁБ, = + (62,4 £ = ){ 10962) DE g 2 124 jb 


Ане, m 
= _ хе 2 Mi | (6 
dea Ye A Ы T. where Ж i * E e ft) = lb, 12 ft 
So that 3 y 
* (2) (т #) „ыза Ft = 1.324 
2 


(16.92 EZ(A) 
For eguilbrium, 
ае 
ot сев eR (ыс 86) 


c = (293 bls fe) + 12s Ъ)(Ж. 92 ft- 28) = /02 ft-lb 
s 
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2.77 A 4-ft-tall, 8-in.-wide concrete (150 lb/ft?) retaining wall is 
built as shown in Fig. P2.77. During a heavy rain, water fills the 
space between the wall and the earth behind it to a depth А. Deter- 
mine the maximum depth of water possible withoutthe wall tipping 
over. The wall simply rests on the ground without being anchored 
to 1t. 


M FIGURE P277 


For egurlibrivm, 
V M, =0, 0r 
0 RF, =(4in) W, where with L= wall length, 


Waa = Usop) (8 z) 0 N)1 = 4004 Ib 
an 


Fa = fe = th A =(62-45)(2)L = 3.2L f 


Also, 


Thos, Eq (1) becomes 
В. (31,24 р2) = 4 (4001) 


ИЕ зе 
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*2. 78 Water backs up behind a concrete dam 
as shown in Fig. P2.78. Leakage under the foun- 
dation gives a pressure distribution under the dam 
as indicated. If the water depth, A, is too great, 
the dam will topple over about its toe (point A). 
For the dimensions given, determine the maxi- 
mum water depth for the following widths of the 
dam: Ё = 20, 30. 40, 50, and 60 ft. Base your 
analysis on a unit length of the dam. The specific 
weight of the concrete is 150 !b/ft*. 


FIGURE P2.78 


A free. body - diagram of the dam m: 
Shown in the figure at he right , Where ` 


E y | (fer unit leng) 


ow = ¥,(4)(2)() = 40% 0 
E. 


(34 + Ar) 
Ж, 
„ м Puedes. wd 
Е = tr) 2r -= 
a | = | swe 2 no 
_ n 
ча Js a) 


To determine Y, Consider The pressure Феро on he в} 
“= Fre „А 


$ 
B 
ару! 
Summing moments about A, 
Fy, FÈ) + & (83) 
(con't) 
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278 (con't) 


Fr (2 re A (£4) 
5 
where Бъ ЕФЕ, . Substitution of CX рее$$/ол5 №, = and Fp yı eld; 


tet eag) 


я e 
27i. 
Fev eguilibrium of 7ле dam, 2. Мд=0, so at 
F y- Ww )2خ(‎ – в E CE 2,78 (1) 

and with X= 62.4 Ib/ft? Y= /SoA/fs5, and E, loft , Then: 

Es £m W= GoooK Б = 228 y = 0/3 
5/5 8 2 sine 

E= 312 (Arto) Д y= f SPER) و‎ 

Rehr 3( +10) 


Substitution of These expressions into E3 .U) yields j 
2 = ы 7А 2 3120 Y о/з 


+ [». 2 -— ARIS =o 


Which can be simpli £i ed to 


3 
352 4 + 20914 - 399602 10,400 © (2) 
sinê 


Thus, for a. given R, 2 can be determined trom The 


Condition tan B = 70/0. and Eg. (2) solved fev h 


For the dam widths «сетте, The maximum water depths 
are givtn below. Note That for the two largest dam 


widtas The water would overflow The clam before it would 


top ple 
Dam width, ё, ft Maximum depth, h, ft 
20 48.2 
30 61.1 
40 71.8 
50 81:1 
60 89.1 
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2.79 (See Fluids in the News article titled “Тһе Three Gorges 
Dam,” Section 2.8.) (a) Determine the horizontal hydrostatic force 
on the 2309-m-long Three Gorges Dam when the average depth of 
the water against it is 175 m. (b) If all of the 6.4 billion people on 
Earth were to push horizontally against the Three Gorges Dam, 
could they generate enough force to hold it in place? Support your 
answer with appropriate calculations. 


(з fF; wh Аз (ао io" 8.) ("22 (sm x 2, 301m) 


= 3 4b XIO N 


Cb) Require a ave rage force per person = 


Since Vequired querage force per person is relatively 
Small. 


2.81 A 2-ft-diameter hemispherical plexiglass "bubble" is to be 
used as a special window on the side of an above-ground swimming 
pool. The window is to be bolted onto the vertical wall of the pool 
and faces outward, covering a 2-ft-diameter opening in the wall. 
The center of the opening is 4 ft below the surface. Determine the 
horizontal and vertical components of the force of the water on the 
hemisphere. 


ERO or № fih 
Thys, 
Fy =S he A = 62.4 H, (HtA EHS = 789 (to right) 
and 
2 Fy=0 oF, =W -yV-rirR, 
where R = 1+ 


Thus, Т 
Fy = 62.4 qs (4T CIF). = 131 1b (down on bubble) 


2.82 Two round, open tanks containing the same type of fluid rest 


on a table top as shown in Fig. P2.82. They have the same bottom weight of liqua supported 
area, A, but different shapes. When the depth, Л, of the liquid in by inclined Walls 
the two tanks is the same, the pressure force of the liquids on the f: J 


bottom of the two tanks is the same. However, the force that the 
table exerts on the two tanks is different because the weight in each 
of the tanks is different. How do you account for this apparent 
paradox? 


Area = А Area = А 
Ш ЕСИНЕ P2.82 


For the tank with The inclined walls, The pressure on The 
bottom is due fo the weight of The lı gurl I The column 
chireclly above The bottom Gs shown by The dashed lines im 


the figure. This is the same weight as That for The tank 
with the straight sides. Thus, The pressure on The botom 
of The two tanks 13 the same. The addi hovel weight 
sà The tank with the inclined walls 15 5u pported by the 
Inclined lulls, 45 illustrated im the figure. 
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2.83 Two hemispherical shells are bolted together as shown 

in Fig. P2.83. The resulting spherical container, which weighs 

300 lb. is filled with mercury and supported by a cable as shown. 

The container is vented at the top. If eight bolts are symmetri- 

cally located around the circumference, what is the vertical | 

force that each bolt must carry? P. supere dauern 7 


5 ^ force in one bolt 
pr pressure at mid-plane 
A^ area at mid-plane 


W^ ^ weight of mercury in bohem helf 
#7 of Shell 


W, ~ weight of bottom half of shell 


for eguilibriam А 


L ай? 
Thus, 


81; РА + Wu, + Ws 


dz) Fo + BEED) + 4 (seo n) 


= (8 dE Ps en (fn o) то! 


1890 |} 
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2.84 The 18-ft-long gate of Fig. P2.84is a 
quarter circle and is hinged at H. Determine the 
horizontal force, P, required to hold the gate in 
place. Neglect friction at the hinge and the weight 
of the gate. 


di 
EE Fy ж 
For egushdrium (trom free-bedy - diagram 
of Fluid mass), 15 "v pov 
Z E =o Jı Fy | 
So Met m н, 
Rho у}, А EL А 
۸4 | e" n 
= (2.4 EE) [еек sete) = 20,200 Ib 
Simi larly , 
2 Fy zo 
So That 


Il 


; Ib 2 | 
ew = Д > (volume of fied) = (62,4 p? )| go» ве). 3/, 800 lb 


Alse, x= 4 (04) = E ft (see Fig. alge) 


4 
qu ES = 2 ft 


For eg url brium р free-body-diagram of gate) 
2 Мыз» 


so That 
Р (ett) = Б, (y,)+ F n) 


or 


9 
(20,200 Ib Y 2 ££) + (31,8001b)( я Ft) 
ЭИА "UR e MM ut 


= 20,200 Ib 
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2.85 The air pressure in the top of the two liter pop bottle 
shown in Video V2, Sand Fig. P2.85is 40 psi, and the pop depth о 
is 10 in. The bottom of the bottle has an irregular shape with a + in. Siameter 

diameter of 4.3 in. (a) If the bottle cap has a diameter of 1 in. Pair = 40 psi 
what is magnitude of the axial force required to hold the cap 
in place? (b) Determine the force needed to secure the bottom 
2 inches of the bottle to its cylindrical sides. For this calcula- 
tion assume the effect of the weight of the pop is negligible. (с) 
By how much does the weight of the pop increase the pressure 


2 inches above the bottom? Assume the pop has the same spe- | 4.3 in. diameter 
cific weight as that of water. 


a FIGURE P2.85 


ар 12, х Aree... = (fy te AE (iia) = 3l |b 


(b) EE 


Vertical 


| 

| Fees E7 — (2 Zin. above bo Hom) г. 

х (A rea) Sides 
| 


= (4o à 


S ту (43in) Е 


581 Ib 


11 


bettom 
(с) pep. Wh 

| 
Е do, + (2.14 NEE R) ете.) 


H 


do k, + 0.299 12, 


Thus, The increase in pressure due lo weight = 0.284 DSL 
a is less tan |l of air pressure). 
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2.86 Hoover Dam (see Video 2.4) is the highest arch- 
gravity type of dam in the United States. A cross section of the 
dam is shown in Fig. P2.86(a). The walls of the canyon in which 
the dam is located are sloped, and just upstream of the dam the 
vertical’ plane shown in Figure Р2.@6(%) approximately repre- 
sents the cross section of the water acting on the dam. Use this 
vertical cross section to estimate the resultant horizontal force 
of the water on the dam, and show where this force acts. 


45 ft 
— H- 


|> 660 ft di 
(a) (b) 
u FIGURE P2.86 


Break Grea inte 3 parts Qs shown. 
For ака | · 


E = d Ace s (1t) ne t fn) 
= (87 ЖИЛ 4 

for аке З ` fe" Fe, = 57х10" lb 

For area 2: 
Ee ғ Yh, Aa = hzi Bol (is Ft) (2% A) т) 

= 442 x [0* l} 
Thus, 
7 


N 


pe TES 157 x i! ls + 443» | + [S7x 0° h 
тів" H 


Since The moment of The resultant force about The base 
of The dam must be € faa! s The Moments due Lo 
Fr f FR, , quA Ё, ‚77 follows Wat 


(сел 2 ) 
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HN 


$86 | (eet) 


&^ 4 = Fe Gist) + (1) ku) + 5 Gust) 


7.77 х10* [b 
= Hob ft 
Thus, The resultant hor aon tal Jos on The dam Us 


brio acting 404 1 22 trom The base 
of The dam along The axis of symmetry of The area. 
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2.87 A plug in the bottom of a pressurized 
tank is conical in shape as shown in Fig. P2.87. 
The air pressure is #0 kPa and the liquid in the 
tank has a specific weight of27 kN/m*. Determine 
the magnitude, direction, and line of action of 
the force exerted on the curved surface of the 
cone within the tank due to the 40 «Pa pressure 
and the liquid. 


FIGURE P2.87 


fac, А i. 


For equilibrium , 


z a ar aia 
So that 

Е E 3 A с w 
where F, is the force the Cone exerts 
of The fluid. 


| 
| 
| 
| 
| 
| 
| 
| 
A lso, | a اښ‎ 
Tr a 
no е (+ tR Y3 IG ) tan Зо’ = © 


^ (4o &P. (F (tis) 4,9 AN | | 
And dz 2 tan 30'= 1.155 лм 
ws Y [E 6- FED) volume o toe: ¥ (A) 
аа 
= (a7 a8 V(r) (155m) (Fm) = 754 Ам 
Thus, 


Foz 44 kN + THN = IIT AN 


and The E ae on The Cone has а magnitude ok 117 f V 


дис 15 directed vertica He, dow клау г! along The Cone axis. 


2.88 The homogeneous gate shown in Fig. P2.88 consists of one 
quarter of a circular cylinder and is used to maintain a water depth 
of 4 m. That is, when the water depth exceeds 4 m, the gate opens 
slightly and lets the water flow under it. Determine the weight of 
the gate per meter of length. 


Consider the free body diagram: of 


the gate and a portion 4 the water as shown. | 
gale 


УМ =0 , OF Vidit sra 
£,W*EW = Gye, = 60,20, where 
Fy - A = 9 хо" es Gsm) (Im (ln) = экз КМ 


since forthe vertical side, he = т 55, -3.5m 
Also, 
Fy =0n,A = 2x0 А (т) (1т)(1т) = 39.2 КМ 


Also, p. 
W = Om? - F(Ztim*)m) = PERN 3) 1 - Z1? 2.10 kW 


Now, Ё, = 05m and | 
f. 0.5m t (yo Y.) 50.5 + — sosm + 201") 
р С Ус ^ | 3,5m (тт) 


and „= Im- Ё =/- gm x Ba 


To determine £, , Sum a vmt sgyare that 
consits of a guarder circle and the remainder 
as shown inthe figure. The centroids of areas 
() and © are as indicated- 
Thvs, 

(0.5 - «УЛ» = (0.5 24, 


70.5275 


(conl) 
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(сот?) 
so that with A - Zt) =F and 1-2 this gives 


oma E ү 
(0.5 - 2چ‎ =(0.5-4)(1-2) 
or 
(8) / = 0,223 Mm 


Hence, by com bini ng Eqs (1) throvgh (9): 


(0.576m)W +(0,223m) (2.10 kW) — (34.3kW) (0,524m) -(39.2kN) (0.5m) =0 


of 
W = 6#4# kN 


V, lume = + 
2.84 The concrete (specific weight = 150 7 
lb/ft) seawall of Fig. P2.84 has a curved surface 
and restrains seawater at a depth of 24 ft. The 
trace of the surface is a parabola as illustrated. 
Determine the moment of the fluid force (per unit 


length) with respect to an axis through the toe 
(point A). 


FIGURE P2.89 


The Components of The fluid force acting 


on The wall are 5 ahd W as shown 


on the figure where 


Es: YÀ,A = [i o. зш xI£t) 


E /$£, оой and g,* thf د‎ P4 
Also, 

W= yy 

To determne # find meg 8C0, Thus, 


(see “gure do right) X, 


Xo 
A J 24-9 (4 = (a4 0.x ) ах 
0 


o 


31% 
EX E. LM li ( Note: All lengths IA ft) 
and with 47 Vro ‚ A = 175 ££" se thet 
+= Ax lft = 175 £17 
Thus 
> = (tuo £, (175 43) = тоо ا‎ 
Jo locate centroid of A> PA 
х, А 3 * 0.2% 
ХА = f^ dA = | (8) а = | (26х- 0,2х ) х = (2% 2 
o o 
o 


42. (С re ОЕ. б. 2 ras )* 


m 


= 4H £ 
1775 


Y~ W (15 Xe) 
(19, жоо le ete) — (11,200 B is t= n fz) = 2§ 200 ЖЫЛ) 


2.40 


2.40 A cylindrical tank with its axis horizontal 
has a diameter of 2.0 m and a length of 4.0 m. 
The ends of the tank are vertical planes. A ver- 
tical, 0.1-m-diameter pipe is connected to the top 
of the tank. The tank and the pipe are filled with 
ethyl alcohol to a level of 1.5 m above the top of 
the tank. Determine the resultant force of the 
alcohol on one end of the tank and show where 


it acts. 
/ 
ET centroid 
Fe xi ev. A 2 Om d 
tuheve fu mt hom = 25 | Fe ы 
So That р Ус 
4 geh 
4 ef pressure 
BeOS esed asa] = бак | 
Also | 
Amm 
y Si sA 
4 А 
where Y, = ф, Jo had 
M Clan)? 
JA ы + 2.5m = 42. отм 


(3.5 YE) м)? 


Thus, the resultant force has а magnitude of bD. ERN 
and acts at a distance of X > 4. 0ma - d. S0 = 0.100 
below center of tank end wall. 


2-490 
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2.91 If the tank ends in Problem 2.90 аге 
hemispherical, what is the magnitude of the re- 
sultant horizontal force of the alcohol on one of 


the curved ends? 


For egui УЛУЗУ 


a = ST 


4 


(see figure) 


= (09 ФМ 


(Since Solution fer horizontal force 
Jame os fer Problem 2.40). 
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2.92 An open tank containing water has a bulge in its vertical 
side that is semicircular in shape as shown in Fig. P2,92. Deter- 
mine the horizontal and vertical components of the force that 


the water exerts on the bulge. Base your analysis on a 1-ft length 
of the bulge. 


BFIGURE P2.32 


I ~ hori gontal force of wall on Elura 


к, vertical force of wall on Fluid 


F, 
DE Ste o Vol 
= (ezu ( 689 )( ш) 
= 992 7 
Fz УА = (ы. „(tfe +3) (ере) 
= $3704. 


For equilibrium , F; =% = 982 طا‎ 1 
апа пев 337016 


The force the water exerts on the bulge is 


Chual to, bu c Opposite /n direction +o F, апа 
Fu, above. Thus, 


(rh, Arb —- 
Pow ls | a 
(Б, Quan = 982% Ҷ 
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2..43 A closed tank is filled with water and has a 4-ft- 
| diameter hemispherical dome as shown in Fig. P2.92 A U-tube 
manometer is connected to the tank. Determine the vertical AGIS SE 
force of the water on the dome if the differential manometer 
reading is 7 ft and the air pressure at the upper end of the ma- 
nometer is 12.6 psi. 


| Gage 
fluid 
(SG = 3.0) 


For eguilibriam, 
$3 

Sv That 

f= PA- w (1) 


Where EL The doves. The dome exerts on Те Flyid 
and p Is The water Pressure at the hase of The dome 
From The rmanomete r, 


f£ = у, (74) = Ge (4 £) = „Ө 


Jo That 
p= (12.68, ) (ive 2. 1) + + (5.0) (0262, ) f H)- (i2 ua PALA 


2 5802 


КҮР = 


Jb 
JE 


Thus, trem Е. CG) with Volume of sphere = (diameter )3 


= (2080 ж.) кн) 1 |) сач) 


= $5 /00 lb 


deret Dat the vertical forte That The water 
exerts on The dome /5 25; 100 lb Je 
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2.94 


2.94% А 3-m-diameter open cylindrical tank 
contains water and has a hemispherical bottom 
as shown in Fig. P2.9% Determine the magni- 
tude, line of action, and direction of the force of 
the water on the curved bottom. 


HF—3 m —4 
& FIGURE P2.94 


Force = weight of water Supported by hemispherical botom 


Ж of Cyhnder ce (volume of hem: sphere) | 


u 


«$555 Ё (am) (dem) = = (з) | 


Ц 


4$5 2N 


The force із directed vertically downward , qud due 


xo symmetry it acl on the hemisphere 


along The 
Vertical axis of The Cylinder. 


495 AN 


279 


2.95 Three gates of negligible weight are used to hold back 
water in a channel of width b as shown in Fig. P2.4S. The force 
of the gate against the block for gate (b) is R. Determine (in 
terms of R) the force against the blocks for the other two gates. 


Exe Dues t) m FIGURE P245 ТА 
Za = he A * Jb hus) = 2024 Ei "> 


aud агт Zk 


Thus 


P 
5o That LR= ۴ 4)д 
£g (8 CH) 


б 


—— gate 
Fe = =R ала = hb 


erg 
R= 7) 4h (See 
27 = EZ) 
Fer Case (a) оп free- body- chagram Shown 


Fie = 2022 (From above) Gnd 
E D 


and 


20) = Kx Vl 
rk) ] 
ТЕЛИ 
Th 
lb 
Thus, my co 
Li f. #h 2 
DE #9) + 861) = th 
Gud a 2 
meu. th ) + 22 (34) = | 
(сонї J 
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2.45 (Cont ) 


242 РАТ That 
Ёд = 2 (2 330) 


From £$.0) Ohh E, thus 
£43 HEX 


fer Case (7, tor the free- body - dire shown, 
The force Te, p me Curved section passes Through 


The hinge Zu Therefore does aot Contribute ES 
The moment Ground Ж. On bolt on part of gate 


Rc ThA + FEL fab) = FFL 


м Lh) 
TE py = BNI o, 
a RA 75 (Ha * 

= ó 
= 22} 
Thus, 
> М, 
So Трай 
" Joh 


= Z 2 

d D erdt ) 7Y4 
From Eq.) ghb= Fk, thus 
Б фе = @475К 


2.97 A freshly cut log floats with one fourth of its volume pro- 
truding above the water surface. Determine the specific weight of 
the log. 


1 
Ey 


/ 
V = log volume 


2.-97 


#0 


— 
= 


Y 
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2.98 A river barge. whose cross section is ap- 
proximatelv rectangular. carries a load of grain. 
The barge is 28 ft wide and 90 ft long. When 
unloaded its draft (depth of submergence) is 5 ft, 
and with the load of grain the draft is 7 ft. De- 
termine: (a) the unloaded weight of the barge, 
and (b) the weight of the grain. 


(a) Б, ерш Ьам, 


Sft 
£ ЕТЩ T» Te 
So That i 
| А W, ^ weight of barge 
- E. а ted ; | 
W, zA id T merged volume ) (unloaded ) 


il 


(624 у, )(э x 28 ftx он) 
786,000 Ib 


Ш 


(Ь) sa E 


Vertical i 


W, + We = Б = A [жойкун vw 


Ma 


Wa" weight of grain 


Wa = (27 fne x 28 fi x go ft) ~ 78, ovo lb 


= 3/5 ооо lb 


2.99 A tank of cross-sectional area A is filled with a liquid of 
specific weight у, as shown in Fig. P2.99a. Show that when a 
cylinder of specific weight уз and volume ¥ is floated in the liq- 
uid (see Fig. P2.99b), the liquid level rises by an amount 
Ah = (y2/ у) V/A. 


(a) 


W = weight of cylinder = 9% FIGURE P2.99 
For equilibrium, 


W = weight of liquid displaced = Shah =% w where i4 =h, Ar 
Thus, 


However, the final volume within the tant js equal to the initial 


volume plus the Volume, S of the cylinder that is submerged. 
That is, 


(H+ah)A = HA TW 
0r 


UR 
оће еу 
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2.100 When the Tucurui dam was constructed in northern 
Brazil, the lake that was created covered a large forest of valu- 
able hardwood trees. It was found that even after 15 years un- 
derwater the trees were perfectly preserved and underwater log- 
ging was started. During the logging process a tree is selected, 
trimmed, and anchored with ropes to prevent it from shooting 
to the surface like a missile when cut. Assume that a typical 
large tree can be approximated as a truncated cone with a base 
diameter of 8 ft, a top diameter of 2 ft, and a height of 100 ft. 
Determine the resultant vertical force that the ropes must resist 
when the completely submerged tree is cut. The specific grav- 
ity of the wood is approximately O.6. 


For egarlibrium ^ 


2. m | =р 


So Tnet 
T= ew 
for a truncated Cone, 
Volume = Th (к°к, rn) 


Where.’ = base radius W ~ weight 


h 
] 
№ = Bp radius Fav buoyant force 
h= height T ^ tension in ropes 


Thus _ Ст) (100 ft) E 
бф PURE Gas (hex ite) 0800 | 


= 2260 ft? 


For buoyant force, 
E, = Ons x = (42,4 lk) (220044) = 37, роо 1} 


Tree 
Б, weight , 
W = 0, × 4 22 = (0.6 Jez. + ا‎ ace) 3 82 tool} 


Уге he 


Frm E4.) 
Т = 487 000 ИЕ $2,Uoo/) = 57, 660 n 
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2.102  Aninverted test tube partially filled with air floats in 
a plastic water-filled soft drink bottle as shown in Video V2.7 
and Fig. P2.102.The amount of air in the tube has been adjusted 
so that it just floats. The bottle cap is securely fastened. A slight 
squeezing of the plastic bottle will cause the test tube to sink 
to the bottom of the bottle. Explain this phenomenon. 


When the test tube 15 Floating 

Тре weight of The tube, W, 15 
balanced by The buoyant Pre, P5, 
Qs shown in The figure . The Фидел é 
force ts due to The displaced volume 
of water as Shown. This displaced 
Volume is due ts The mi Pressure, A 

A 

tra ppea in The tube Where | 

$- E uris, When the bottle is 
SGucered , The air pressure Ih The 
bille E (5 Increased slightly and 

p e . 2. 

TAG” in Cura Increases P, The pressure 
Compressing The aii in the ‘Lest tube, 
Thus, Tae displaced volume is decreased 
with a Subsequent decrease m Fa. 
Smce I ts Constant, а decrease m 
F will Cause The test Cube to Sink. 
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Test tube 


Water 


- Plastic bottle 


m FIGURE P2.102 


Volume 
displaced 


tai | E RAL 
LI " " 


2 { 
t- ; 
cr 


D 
» * x cd 
| , 
е 
є ' 
. i 
\ 
` 


r 5 


2.103 An irregularly shaped piece of a solid 
material weighs 8.05 Ib in air and 5.26 lb when 
completely submerged in water. Determine the 
density of the material. 


W Ga air) = {24 х (volume) Where (0 ~ density of material 


W Ci water) = وم‎ х (volume) — buegent “уде 
= 24 x (volume) 7 8 Я х / volume. ) 


Thus, 


lv liù ar) Кы » І - 
Ww Gn water) "ad nä (20 [- Cas 
or | 
Siu 
А [ino = 1.94 CS Lui slugs 
а j = W lin water) eig — — f£ 
W Gin air) «OS Ib 
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2.104 A 1-m-diameter cylindrical mass, M, is 
connected to a 2-m-wide rectangular gate as 
shown in Fig. P2.10*; The gate is to open when 
the water level, h, drops below 2.5 m. Determine 
the required value for M. Neglect friction at the 
gate hinge and the pulley. 


1-т 
diameter 


FIGURE P2.104+4 


xl 
u 


yÁ, А 
4 j T 
SE) AE) 


бы 


ц 


!l 


T Mg 
Where all lengths are in т, Hy + ١ 
E E 
For equilibrium , e H 5 
х B 
7.М„=о 
So thot 
3 
у s (® ук, з y * 
and Е y 43 
= “TS 


Thus, 
М = таллы = yr + (EA) (£-1) 
$ 
ana for 3 2.5m T 
5m ) E dg eu s. 
T (9.80x10 M.) (2.50) g (m) (2.5m - Lo ) 
IE 
= 2480 24 
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2.105 When a hydrometer (see Fig. Р2105 and Video V2.8) hav- 
ing a stem diameter of 0.30 in. is placed in water, the stem pro- 
trudes 3.15 in. above the water surface. If the water is replaced 
with a liquid having a specific gravity of 1.10, how much of the 
stem would protrude above the liquid surface? The hydrometer 
weighs 0.042 1b. 


Fluid 
surface 


BFIGURE P2.05 


When the hydrometer is Eloa ting 
its weight, 79 1$ balancea by 
The buoyant force, Fr. For 
equilibrium 7 


kx a 


Vertical 
Th “5, for Water 


в =W 
(3, )% = 40 (1) 
zol I 
where ¥ 15 The Submerged volume. wim the new 


leĝ yid 

фа! Ca) (5, , ) Y; = (2) 

Combining Egs.(1) andl?) with 20 Constant 
Ono) T i (Sa) To ) V2 


ye 6.3 ) 


5G 


дий 


(cent ) 


2 ~1 OF 


i) ee x 0.0421 = 73x E 
1 дь 62.4 Pb, 


se that from E4.0) 
- сЗ e^ S 
5 = 6.73 x0 д? gi2zxw t 


еш, 7 ELE YE a 73-L.12)xw ft? = Obl W uy? 
To obten This di Frevence the change In length, А4, ls 
24 )(0.90m.) АЙ = (вы xh * фЕз){їт1& m 
AL= [44 in. 


Wim The new ига The stem would Protrude 
315 in. + 1.99 [n. = 6л. above the Surface 
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2.106 А 2-ft-thick block constructed of wood 
(SG = 0.6) is submerged in oil (SG = 0.8). and 
has a 2-ft-thick aluminum (specific weight = 168 
lb/ft) plate attached to the bottom as indicated 
in Fig. P2/06. Determine completely the force 
required to hold the block in the position shown. 
Locate the force with respect to point A. 0.5 dis EIE 


G ا‎ 


FIGURE P2. 106 


AR Aluminum 


dr 
for eguilibnum p 
Z di 20 


so that 
Fox WT To, = Wan Fe sft اج‎ 
where : 


Vue = (SG) o) aA LJ. e» wood 


аг a e» aluminum. 


= (0.6) (62.9325 ) (4 )(lottx+ft«2 f4) = 1500 lb Bia Eve ади Шр 
М/А = (ibe, (os х loft x 246) = 1680 Ib 
Fou 3 (56; Sino) = (0.8624 Bs уо tft «2 fe) = гооо Ib 
Fa, = (59,1) (Sinn) ¥ = (0.8) (02.4 e, )(0-SH х loft x 2H) = 499 Ib 


Thus, 
Б = 1500 1) ~—2e00lb + 1680 lb- 99 lb = 81 lb upward 


Also, 

T M,=0 
So That 
(19 st) (w,,- e] + (s £&) (NJ, - Fea. 


Á (21 lb) = (12 ft) ( 1500 ib- 2ооо|Ь) + (64+) (1680 lb - 499 lb) 


or 


and 


Í = 6.22 ft le right of peint А 


~ 
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2.107 (See Fluids in the News article titled “Concrete canoe,” 
Section 2.11.1.) How much extra water does а 147-lb concrete ca- 
noe displace compared to an ultralightweight 38-1b Kevlar canoe of 
the same size carrying the same load? 


for equilibrium, 

pt Рох 
and 94) = Ев = Жш anA № [5 dis place ct Volume, 
yw 


=O 


For Concrete Canoe, 
нт w=(b2.4 2.) v 
Ж 2-4, ВЕ gr 
Б, Kevlar Canoe, 


38 1b =(62 + 2) v 


Fg 


MV. = 0.609 СЕ 
3 
Extra. water displace mert = Z. 3b ft 0. bog ft 
“ТЕ ee 


2/507 


2.108 An ісе berg (specific gravity 0.917) floats in the ocean (spe- 


cific gravity 1.025). What percent of the volume of the iceberg is 
under water? 


For equi l/briym, 


W = weight of iceberg = } = bvoyant force 


NDA 


fce бше ~ Yu ee ) where V < volume of ice svbmerged. 
Thus, 


ob _ Vice _ SGice _ 0.917 
Vice drain SGocean 1.02.5 


0 895-2 84.5 7, 


2-/08 


2.110 Itis noted that while stopping, the water surface in a glass of 
water sitting in the cup holder of a car is slanted at an angle of 15? 
relative to the horizontal street. Determine the rate at which the car 
is decelerating. 


dz бу 
dy Gt az 
where Az <0 and dz = fanis” 20.248 


dy 
Thus 


| ay ay 
== L 24 =~ کس سے‎ 
0.268 F; 32,2 fl/ 5^ 


or’ 
fv ft 
а, = - (0.268) (32.2 (= 8.63 fe 
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2.11! Ап open container of oil rests on the 
flatbed of a truck that is traveling along a hori- 
zontal road at 55 mi/hr. As the truck slows uni- 
formly to a complete stop in 3 s, what will be the 
slope of the oil surface during the period of con- 
stant deceleration? 


dz БЕ. 


a FIT (г, т. 
d 2T 4 "phan 


Lina) velocity - initial velocity 
time interval 


m, 
o - (55 mph 04410 E ) 
три 


53 


(-492 Ж) 


үс + б 


2.12. А 5-gal, cylindrical open container with a bottom area 

of 120 in.? is filled with glycerin and rests on the floor of an 

elevator. (a) Determine the fluid pressure at the bottom of the 

container when the elevator has an upward acceleration of 3 

ft/s?. (b) What resultant force does the container exert on the 

floor of the elevator during this acceleration? The weight of the 
. container is negligible. (Note: | gal = 231 in.?) 


T 
os J А = volume 
о 3 
[2 = -e (4+9) dz A (ı2o TREE CET (Be ) 
o $. J = 92.63 in. 
and 
е реч 
= Go ERE (Om £t TE 242 £,) 
E D 
= bo Ж, 
(b) From free- body -diagram of Container, 
Ege ТА tA 
d lb LAE 
z (2 Ё.) (ize iv V, ww. x] | E 


H 


57. ib 


Thus, force of container on floor Fs 57.* [b downward. 


=N 


2.113 An open rectangular tank 1 m wide and 
2 m long contains gasoline to a depth of 1 m. If 
the height of the tank sides is 1.5 m, what is the | 
maximum horizontal acceleration (along the long | 
axis of the tank) that can develop before the gas- 
oline would begin to spill? | 


To prevent sp lhing, 


= L5 m — 1. Оли 
— سے‎ = - 0 


[ лад 


(5ее £ gure) А 


Since, 


dz = 


So That 


= = y=, Ру A = 
(24) (osoren) = wert 


(Wete: Acceleration Could be either +e the Fight or the left, ) 


2.114 Ifthe tank of Problem 2.113 slides down - 
a frictionless plane that is inclined at 30° with the 
horizontal, determine the angle the free surface 
makes with the horizontal. 


From Newtons Amd lawr, 
2 Ё, = m fz 


Since the only fere in The g! direction 
Is The Com ponent of weight ( m4 )sin@ 
( m 4)sme am he mme mass of tank ad 
So That Gasoline 
24 
and there fre 
"NE 
4 
Also, 


- d sing Cos@ 


9 = 4 Sjn Ө sin б 


_ SnO coso Oct 


Ы) cos 9 


lle nce, 02 = — lan B so thal the free rus 
surface js at the same angle as the plane. 


= - jane 
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2.115 A closed cylindrical tank that is 8 ft in diameter and 
24 ft long is completely filled with gasoline. The tank, with its 
long axis horizontal, is pulled by a truck along a horizontal 
surface. Determine the pressure difference between the ends 
(along the long axis of the tank) when the truck undergoes an 
acceleration of 5 ft/s. 


= fasg EP |$ ۶ Nay fe) 


4 
mauu E 


Ё 


/Ь 
524 = #58 2. 


EXAM 


2.116 The open U-tube of Fig. Р2.116 is par- 
tially filled with a liquid. When this device is ac- 
celerated with a horizontal acceleration, a, a 
differential reading, A, develops between the ma- 
nometer legs which are spaced a distance [ apart. 
Determine the relationship between a, Û, and h. 


FIGURE Р2.116 
S а= کے‎ (Ра 2.28) 
9 gatus 

Since d 

am Eo JG " 

di - 2 and 42 = [2] 
Then 4 1 а. 

срез FELT 
ok 4 Й ай 
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2.117 Ап open 1-m-diameter tank contains 
water at a depth of 0.7m when at rest. As the 
tank is rotated about its vertical axis the center 
of the fluid surface is depressed. At what angular Chea 
velocity will the bottom of the tank first be ex- 
posed? No water is spilled from the tank. 


Eguation for Surfaces of Constant pressure 


E 
( &4.2,32) : x 
R 
Z= go t Constant ig ^ 
23 Rv initia | déph 


For free surface with =o at к=о, 


4 - Ax зы 


ба 
The volume of Fluid th votuting dank is given by 


R 
R 2,4 
t+ ека э залута. зот 
о 


" 


j x F4 
Since Тре га] volume, = TEA, must egual the final 
Volume, 
рр 
So that 4 
TR Leg d. 


or 


4 (4.21% )(o1m) 


= وم‎ Vad 
( @ $n) * è 
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2.18 Ап open, 2-ft-diameter tank contains 
water to a depth of 3 ft when at rest. If the tank 
is rotated about its vertical axis with an angular 
velocitv of 180 rev/min. what is the minimum 
height of the tank walls to prevent water from 
spilling over the sides? 


For free surface, i % 
L 
4, = = +f (E3. 2.32) | | 


he volume of flum їп the rotating tank is given by 
R R 
4g = f amd dr = an |) „ hr) dr 
о о "0 
4 
= TOR , rh, R? 
#8. " 


4 
rev „ АП kad | min fi 


T т, (ite) 
¢ (32.2 ) 
5 2- 
s т (27t th) +? (with 4, tn Ф) 


Since the imhal volume , 


vecmE S = т OA) (ste) = 30 #3 
and the final volume must be egual, 


4x 
ov 

T (2.71 +0.) ft3= 3m ££ 
and LA 0.240 Ft 


Thus, from the first egua tion (eg .2. 3z) 
"own + 
4 = ut 6,240 £ 


1. 2. 
ама FEV x vad , | min (it) 
M un? (130 Hf, «a pde Ima) (ш +01ю{4 = 5ЛЬФ 


a (32.2 =) 


ZENT 


2.19 A child riding in a car holds a string attached to a боа! 

ing, helium-filled balloon. As the car decelerates to a Stop, the 
balloon tilts backwards. As the car makes a right-hand turn, the 
balloon tilts to the right. On the other hand, the child tends to be 
forced forward as the car decelerates and to the left as the car 


makes a right-hand turn. Explain these observed effects on the 
balloon and child. 


А floating balloon attached to a siring will align itself so that 
the string it normal to lines of constant pressure. Thus. sf the 
car is hel accelerating, the lines of р = constant pressure are 
hori zontal { gravity gots Vertically down n and the balloon floa [5 
“traight vp" (i.e. Ө= 0), If forced lo Fg -W = buoyant force 


E A -weight 
the side (0 #0), the balloon will return б, = a ig eg 
lo the vertical (9-0) egvilibrivm &-- Bu 
position. in which the two forces — —— 
Тапа fg-W fine vp constant 7 К" неле 10 


pressure lines 


Fig.) Mo acceleration , € =0 for 


dpe 


equilibrium. 
Consider what happens when the car decelerates with an 


| car 
amount qy <0 " As Show by Ea. (2.28) z —decale- 
the lines of Constant pressure are not i 5y car, 
horizontal, but have д slope of asi, 2 222. Оти meli on 
dz Q а = 
a ے لے‎ - ۷ 59 since 0220 AT PT 
dy g + Gz 9 2 dili 


26 


and ay «0, Again, the balloons equilibriym — 
y ? ii 4 ў 7 1 
position is with the string normal to р “const. + 
lines. That is, the balloon his back qs " 
the car stops. И » 
When the са turas b Qy = X (the centrifugal ^ 


Fig.(2) Balloon aligned so that 
string is normal to p=constant 


lines 


Fig. (3) Lett tura, bajloon tilts te 
right 


2.120 A closed, 0.4-m-diameter cylindrical 
tank is completely filled with oil (SG = 0.9) and 
rotates about its vertical longitudinal axis with an 
angular velocity of 40 rad/s. Determine the dif- 
ference in pressure just under the vessel cover 
between a point on the circumference and a point 
on the axis. 


TI 


Pressure in а rota ting Llud vanes 
/h accordance with The ef uatión, 


pò ^ 


P = M = x2 + constent 7 i. 33) 


Since. ` Ky = 


fat * M 


- (ов? 38, o +24) es) о] 


2. 


= ALa kA 
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2.121 (See Fluids in the News article titled **Rotating mercury / Receiver 

mitror telescope,” Section 2.12.2.) The largest liquid mirror tele- [Light rays 

scope uses a 6-ft-diameter tank of mercury rotating at 7 rpm to pro- 
| duce its parabolic-shaped mirror as shown in Fig. P2.121. Deter- 

mine the difference in elevation of the mercury, АЛ, between the 
edge and the center of the mirror. 


Mercury = 
BFIGURE P2.121 


Бу free surface of rotating hgud > 


Wr? tonstant (Eg. 7.32) 
ы: 
let Z=0 аж ү то and dherelwe 
Constant =0. Thus, 
Ah=d2 for r= ЗЕР and 2- 
with Y 
ad Loma 
Ww (7 rpm ) )(ar an 
= Bop D 
Е follows that 5 
2. 
Ah = (6.123 t) ( 3 te) 
2 (322 £2) 


2. = 


= GDI 
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2122 Force Needed to Open a Submerged Gate 


Objective: A gate, hinged at the top, covers a hole in the side of a water filled tank as 
shown in Fig. P2.122 and is held against the tank by the water pressure. The purpose of this 
experiment is to compare the theoretical force needed to open the gate to the experimentally 
measured force. 


Equipment: Rectangular tank with a rectangular hole in its side; gate that covers the hole 
and is hinged at the top; force transducer to measure the force needed to open the gate; ruler 
to measure the water depth. 


Experimental Procedure: Measure the height, H, and width, b, of the hole in the tank 
and the distance, L, from the hinge to the point of application of the force, F, that opens 
the gate. Fill the tank with water to a depth Л above the bottom of the gate. Use the force 
transducer to determine the force, F, needed to slowly open the gate. Repeat the force mea- 
surements for various water depths. 


Calculations: For arbitrary water depths, h, determine the theoretical force, F, needed to 
open the gate by equating the moment about the hinge from the water force on the gate to 
the moment produced by the applied force, Е 


Graph: Plot the experimentally determined force, F, needed to open the gate as ordinates 
and the water depth, A, as abscissas. 


Results: On the same graph, plot the theoretical force as a function of water depth. 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Ш FIGURE P2.122 
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Solution for Problem 2.122: Force Needed to Open a Submerged Gate 


L, in. „in. b, їп, y, lo/ft^3 һе, ft^4 
4.0 62.4 0.003472 


F, Ib F,, Ib d, ft 
10.1 15.69 0.264 
8.9 13.43 0.266 
7.6 11.44 0.269 
6.7 9.97 0.272 
5.8 8.49 0.276 
4.7 7.02 0.281 
4.3 6.15 0.285 
7.4 2:9 3.81 0.307 


Since h > H, A= H*b = constant and „= b*H^3/12 = constant. 


Е = F,*d/L, where Е, = y*(h - H/2)*A, а = H/2 + (y, - Yc), and у, - у, = 1,„/(ћ - H/2)A 


Problem 2.122 
Force, F, vs Water Depth, h 


——— Theoretical 
—#-— Experimental 
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2.123 Hydrostatic Force on a Submerged Rectangle 


Objective: A quarter-circle block with a vertical rectangular end is attached to a balance 
beam as shown in Fig, P2.123. Water in the tank puts a hydrostatic pressure force on the 
block which causes a clockwise moment about the pivot point. This moment is balanced by 
the counterclockwise moment produced by the weight placed at the end of the balance beam. 
The purpose of this experiment is to determine the weight, W, needed to balance the beam 
as a function of the water depth, h. 


Equipment: Balance beam with an attached quarter-circle, rectangular cross-section block; 
pivot point directly above the vertical end of the beam to support the beam; tank; weights; ruler. 


Experimental Procedure: Measure the inner radius, R,, outer radius, R5, and width, b, 
of the block. Measure the length, L, of the moment arm between the pivot point and the 
weight. Adjust the counter weight on the beam so that the beam is level when there is no 
weight on the beam and no water in the tank. Hang a known mass, m, on the beam and ad- 


just the water level, h, in the tank so that the beam again becomes level. Repeat with differ- 
ent masses and water depths. 


Calculations: For a given water depth, A, determine the hydrostatic pressure force, 
Fg = yh,A, on the vertical end of the block. Aiso determine the point of action of this force, 
a distance yg — y, below the centroid of the area. Note that the equations for Fr and yg — у, 
are different when the water level is below the end of the block (h < R, — R,) than when 
it is above the end of the block (й > R, — R;). 

For a given water depth, determine the theoretical weight needed to balance the beam 
by summing moments about the pivot point. Note that both Fg апа W produce a moment. 
However, because the curved sides of the block are circular arcs centered about the pivot 
point, the pressure forces on the curved sides of the block (which act normal to the sides) 
do not produce any moment about the pivot point. Thus the forces on the curved sides do 
not enter into the moment equation. 


Graph: Plot the experimentally determined weight, W, as ordinates and the water depth, 
h, as abscissas. 


Result: On the same graph plot the theoretical weight as a function of water depth. 


Data: To proceed, print this page for reference when you work the problem and ciick here 
to bring up an EXCEL page with the data for this problem. 


Pivot point 


Counter 


Quarter-cirele block — & FIGURE P2.123 


(Con t) 
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Solution for Problem 2.123: Hydrostatic Force on a Submerged Rectangle 


R,, in. R3 in. L, in. b, in. g. fts^2 ТҮ, lb/ft^3 
5.0 9.0 12.0 30 322 62.4 


Experimental Theoretical 

m, kg h, in. W, Ib yr “Ye, ft d, ft W, Ib 
0.00 0.00 0.00 0.750 0.000 
0.02 1.11 0.04 0.719 0.048 
0.04 1.58 0.09 0.706 0.095 
0.06 1.92 0.13 : 0.697 0.139 
2.51 0.22 0.680 0.232 

2.76 0.26 0.673 0.278 

0.14 2.99 0.31 ' 0.667 0.323 
0.16 3.20 0:35 0.661 0.367 
0.18 3.41 0.40 0.655 0.413 
0.20 3.60 0.44 : 0.650 0.456 
0.22 0.48 0.644 0.504 
0.24 0.53 8 0.639 0.551 
0.26 0:57, | 0.634 0.597 
0.28 0.62 0.631 0.637 
0.30 0.66 0.628 0.680 
0:35 0.77 0.621 0.794 
0.40 0.88 0.616 0.905 
0.45 Р 0.99 i 0.612 1.016 
0.50 i 10 0.609 1.1/7 
1.21 0.607 1.236 


W = 32.2 ft/s^2 * (m kg * 6.825E-2 slug/kg) Sum moments about pivot to give W*L = Fa*d 


Forh < К, - Ry: 
Ев = y*(h/2)*h*b 
d = К, - (h/3) 


Forh > R;-R,: 
Ев = y*(h - (R2 - R)/2)'(R; - Ri)*b 
а= R2- (А - R2 + (У, - Ye) 
yr -Yc = ly hA 
lc = b"(Rz - R1)^3/12 = 0.000771 ft^4 
he. = h- (R; - К,)/2 
A= b*(Rz -R1) 
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Problem 2.123 
Weight, W, vs Water Depth, h 


—— Theoretical 
w Experimental 
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2.124 Vertical Uplift Force on an Open-Bottom Box 
with Slanted Sides 


Objective: When a box or form as shown in Fig. P2.124 is filled with a liquid, the ver- 
tical force of the liquid on the box tends to lift it off the surface upon which it sits, thus al- 
lowing the liquid to drain from the box. The purpose of this experiment is to determine the 
minimum weight, W, needed to keep the box from lifting off the surface. 


Equipment: An open-bottom box that has vertical side walls and slanted end walls; 
weights; ruler; scale. 


Experimental Procedure: Determine the weight, W,,,, of the empty box and measure 
its length, L, width, b, wall thickness, г, and the angle of the ends, 0. Set the box on a smooth 
surface and place a known mass, m, on it. Slowly fill the box with water and note the depth, 
h, at which the net upward water force is equal to the total weight, W + W,,,, where W = mg. 
This condition will be obvious because the friction force between the box and the surface on 


which it sits will be zero and the box will “float” effortlessly along the surface. Repeat for 
various masses and water levels. 


Calculations: Foran arbitrary water depth, h, determine the theoretical weight, W, needed 
to maintain equilibrium with no contact force between the box and the surface below it. This 
can be done by equating the total weight, W + W,,,, to the net vertical hydrostatic pressure 
force on the box. Calculate this vertical pressure force for two different situations. (1) As- 
sume the vertical pressure force is the vertical component of the pressure forces acting on 
the slanted ends of the box. (2) Assume the vertical upward force is that from part (1) plus 
the pressure force acting under the sides and ends of the box because of the finite thickness, 
t, of the box walls. This additional pressure force is assumed to be due to an average pres- 
sure Of Day, = yh/2 acting on the "foot print" area of the box walls. 


Graph: Plot the experimentally determined total weight, W + W,,,, as ordinates and the 
water depth, Л, as abscissas. 


Results: On the same graph plot two theoretical total weight verses water depth curves— 
one involving only the slanted-end pressure force, and the other including the slanted end 
and the finite-thickness wall pressure forces. 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


L 


NISI LUTE TTI) Ata A 


Ш FIGURE Р2.124 


(Cent) 


Solution for Problem 2.124: Vertical Uplift Force on an Open-Bottom Box with Slanted Sides 


8, deg ETUR b, in. in. y, lb/ft^3 
45 10.3 4.0 у 62.4 


Experimental Theory 1 Theory 2 

h, in. W + Wbox 16 in. W + Wy, lb Pavg DIAZ W + Ws, Ib 
2.06 0.942: | 0.000 0.00 0.000 
2.23 1.052 : 0.009 0.65 0.047 
2.42 1.162 | 0.036 030 0.111 
2.53 1.272 З 0.081 1.95 0.194 
2.67 1.382 , 0.144 2.60 0.295 
218i 1.491 А 0.226 325) 0.414 
2.94 1.601 0.325 3.90 0.551 
3.06 КОЙ 0.442 4.55 0.706 
3.16 1.821 0.578 5.20 0.879 
0.731 5.85 1.070 
0.903 6.50 1.279 
1.092 TNS 1.506 
1.300 7.80 1.752 
1:526 8.45 2.015 


W = g*m = 322 ft/s^2 * (m Kg * 6.825E-2 slug/kg) 


Theory 1. Including only the slanted-end pressure force: 
W + Ws, = y" Vol 
Vol 7 b*h*h 


Theory 2. Including the slanted-end pressure force and the finite-thickness wall pressure force: 
W + Woox = y" Vol + Pavg A 
Pavg = 0.5*y*h 
A = (b + 2"t)*(L + 2*t/sin8) - b*L = 8.33 in.^2 = 0.0579 А2 


ФЕЈ 


Problem 2.124 
Total Weight, W + W,,,, vs Water Depth, h 


* Experimental 


Theory 1 
(slanted ends 
only) 


—-—- Theory2 
(slanted ends 
and bottom 
edge) 
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2.125 Air Pad Lift Force 


Objective: As shown in Fig. P2.125, it is possible to lift objects by use of an air pad con- 
sisting of an inverted box that is pressurized by an air supply. If the pressure within the box 
is large enough, the box will lift slightly off the surface, air will flow under its edges, and 
there will be very little frictional force between the box and the surface. The purpose of this 
experiment is to determine the lifting force, W, as a function of pressure, p, within the box. 


Equipment:  Inverted rectangular box; air supply; weights; manometer. 


Experimental Procedure: Connect the air source and the manometer to the inverted 
square box. Determine the weight, W,,,, of the square box and measure its length and width, 
L, and the wall thickness, t. Set the inverted box on a smooth surface and place a known 
mass, т, on it. Increase the air flowrate until the box lifts off the surface slightly and "floats" 
with negligible frictional force. Record the manometer reading, h, under these conditions. 
Repeat the measurements with various masses. 


Calculations: Determine the theoretical weight that can be lifted by the air pad by equat- 
ing the total weight, W + W,,,, to the net vertical pressure force on the box. Here W = mg. 
Calculate this pressure force for two different situations. (1) Assume the pressure force is 
equal to the area of the box, A = L?, times the pressure, р = yi, within the box, where Ym 
is the specific weight of the manometer fluid. (2) Assume that the net pressure force is that 
from part (1) plus the pressure force acting under the edges of the box because of the finite 
thickness, г, of the box walls. This additional pressure force is assumed to be due to an av- 
erage pressure Of Pawg = Ymh/2 acting on the “foot print" area of the box walls, 4t(L + t). 


Graph: Plot the experimentally determined total weight, W + W,,,, as ordinates and the 
pressure within the box, p, as abscissas. 


Results: On the same graph, plot two theoretical total weight verses pressure curves— 
one involving only the pressure times box area pressure force, and the other including the 
pressure times box area and the finite-thickness wall pressure forces. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Air supply 


g FIGURE P2.125 
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Solution for Problem 2.125: Air Pad Lift Force 


L in. b, in. УЬ, Ib Үн20, Ib/ft^3 
0.25 1.25 62.4 


Experiment Theory 1 Theory 2 
h, in. W + Wy, 16 p, lIb/ft^2 W+ Wye,, Ib W + Whox, 16 
0.54 1.25 2.81 1-10 Ж 
0.64 1.47 3:33 1.30 1.39 
0.74 1.69 3.85 1.50 1.61 
0.82 1.91 4.26 1.67 1.78 
0.94 2-13 4.89 1.91 2.04 
1.04 2.35 5.41 244 2.26 
1.12 2157 5.82 2.28 2.43 
1.23 2.79 6.40 2.50 2.67 
1.32 3.01 6.86 2.68 2.87 
1.42 523 7.38 2.88 3.08 
(652 3.45 7.90 3.09 3.30 
3.67 8.48 35931 3.54 
3.89 8.94 3.49 373 
4.11 9.52 3.72 3.97 
4.33 10.19 3.98 4.26 
4.55 10.71 4.18 4.47 
4.77 11.02 4.31 4.60 
4.99 11.60 
5.21 12.06 


W = g*m = 32.2 ft/s^2 * (m kg * 6.825E-2 slug/kg) 


Theory 1. Involving only the pressure times the box area: 
W + Wie, = p'L^2 
P = YH20"h 


Theory 2. Involving the pressure times the box area plus the average pressure times the edge area: 
W + Wbox = p*L^2 + (p/2)*((L + 20)^2 - L^2) 
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Problem 2.125 
Total Weight, W + Wbox, vs Pressure, p 


e Experimental 


=== ~~ Theory 1 (box area 
only) | 
Theory 2 (box area 
plus edge area) 


W * Wbox, Ib 


p, Ib/ft^2 
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3.2 Air flows steadily along a streamline from point (1) to point (2) 
with negligible viscous effects. The following conditions are mea- 
sured: At point (1) zı = 2 m and p, = 0 kPa; at point (2) z = 

m, p; = 20 N/m?, and V; = 0. Determine the velocity at point (1). 


f) + Zo +з, = fh, oV. «ez, 
Thus with 4 =0 and 0 
201 +7, “fx TZ, с) Z5 2m 
or f= 0 
P 


ү = 
21,23 ky, = = 205. N 123-2)" (10т-2м) 


йг 


Y A 200) Nm 


kg + 2(98 H2) ($m) = 1892. 


с (Me: a + e ЫА 


Thos, 
ү = 13.7 m/s 


3.3 Water flows steadily through the vari- 

able area horizontal pipe shown in Fig. P3.3. The 

velocity is given by V = 10(1 + x)i ft/s, where 

x is in feet. Viscous effects are neglected. (a) De- 

termine the pressure gradient, dp/dx, (as a func- 

tion of x) needed to produce this flow. (b) If the 

pressure at section (1) is 50 psi, determine the 

.pressure at (2) by: (i) integration of the pressure 

gradient obtained in (a); (ii) application of the FIGURE P3.3 
Bernoulli equation. 


(a) -Ysn0-3€ = оу hw 0<0 and И= 0(1+х) HA 
e E =p or af = -evit == (/0(1 +х)) (70) 
This, £ = - /,9# SHB (10 Ж (74x) ў with X th feet 
- - /94( 1+ Xx) de 


f Xe 
(ND Ф. = -19% (14x) sothat (da =-/## f (14X)dk 
/* =50рӯг Х, =0 


or б = 50р – 194 (3 + غا(‎ ;( A. = 50 -/0,/ =39,9 pst 
ti) pz pt +2, =, t EY +02, or with 2-2, 
A A VE) where. жей) = год 
V, = lo (193) = yof 
Thus, 


f = 50 psi + A (1.94 SBS) (10° - 40°). f Lf.) = 39.9 psi 


3.4 Repeat Problem 3.3 if the pipe is vertical with the flow down. 


(a) -Pfsine -% = evil with Ө = ~ 0° and y-ro(1 ix) E 
P --oViE +¥ op Æ -- evil + ^ Oi 
Thus, 2p. = و‎ elo) (14x) + 62.4 1 b, ‚ with x in feet 


= -/94 (14x) +62.4 D, 


(b)(i) 4 = -/94 (14x) +42.# <o that (Ф = ронан +62 AP 
B= = Sper Х,=0 
or f, = Sopsé -194(3 6$ f het) + 62.4 (3) tra ( 
= БООЛ = 41.2 pss 


ie) 


i) pt Ze +02, = fat ph TI or with 2,50, A--3fÜ 


and VY, =10(1+0) =f | V e 00113) -¥¢04 


fr. = <p РИ Va") ~ Tz, 
= Sopsi tz (/.Ў# 3/2 ) (407 -40*) - 62. ¥ Hs (- 3 ft) 
= 1.205; 


ЗЕБ Ап incompressible fluid with density p flows steadily М 
past the object shown in Video V3.7 and Fig. P3,5. The fluid Dividing 
velocity along the horizontal dividing streamline streamline 
(—® = x <= —a) is found to be V = Vo(1 + a/x), where a is 
the radius of curvature of the front of the object and V, is the 
upstream velocity. (a) Determine the pressure gradient along Ро 
this streamline. (b) If the upstream pressure is py, integrate the 
pressure gradient to obtain the pressure p(x) for ~o s x s —a. 

(c) Show from the result of part (b) that the pressure at the stag- 
nation point (x = —a) is ру + pVà/2, as expected from the 
Bernoulli equation. 


B FIGURE P3.5 


(a) Bw. -ovg where VeV, (1++) 
Thus, ДҮ » ДУ -- ML 


fo Ken p^ 

or x 
E La 

p-p = ба [- x 72x 

Thus 


(C) From part (b), when X=-a 


p Е p-e [¢ t 22 | == L ETIA 
х=-а 
From the Bernoulli equation p, + zp, = fit хри j 
where 
VeVi = V (1+) =0 
Х=-а 


Thus, A = p+% as expected 
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3.6 What pressure gradient along the 
streamline, dp/ds, is required to accelerate water 
in a horizontal pipe at a rate of 30 m/s?? 


-8 sm0 — E 24 where 


9-5 


af = - 30.0 KPa / m 


3.7 A fluid with a specific weight of 100 Ib/ft? and negligible vis- 


cous effects flows in the pipe shown in Fig. P3.7. The pressures at 

points (1) and (2) are 400 Ib/ft? and 900 lb/ft, respectively. The (ys 

velocities at points (1) and (2) are equal. Is the fluid accelerating HEG 1 
uphill, downhill, or not accelerating? Explain. 


HFIGURE P37 


Tf the flow is steady (i.e. not acceler ating), then 

f *zeW +12 = f *ZoV TZ, 

But V, =. Thus, for steady flow 

p, +2, = f, * VZ, , where if we set Z; 20, then Z, "(Iofl)sp 3o = 5{1 
For the given data, Eq, (1) becomes 

(4004p) +{]0044)(S#) = (Goo +4) 

or 

900 та = 

That is, £o. (I) (the steady flow equation) is valid. 

The flow is not accelerating. 


Note: If the flow were accelerating the pressure difference 


between points (1) and (2) would be differen than the given 
(900-400) a = 500, 


3.8 Whatpressure gradient along the streamline, dp/ds, is required 
to accelerate water upward in a vertical pipe at a rate of 30 ft/s? 
What is the answer if the flow is downward? 


op = - 15/0 -ev where Ө =90° for up flow j 
Ө = -90 for down flow, 
EE. zA = 1 
Thus, fon uptlw diii uL за 
E = -62.¥(1) 1b, — 194 shgs(so ff) = 120600.) 1 =~0.930 621 
and. for down flow لے‎ 


E = eanet -1m HF (soft) = 420 


lb - psi 


3.q Consider a compressible fluid for which 
the pressure and density are related by p/p" = 
Со, where л and С, are constants. Integrate the 
equation of motion along the streamline, Eq. 3.6, 


to obtain the "Bernoulli equation" for this com- 
pressible flow as [n/(n — 1)|р/р + V2/2 + 
gz = constant. 


2 
(4 t + * ge constant along a streamline 
an 


d Ж 
SO that 
C, 
m "A 1-7 
-ch (P °P = ПР + cot 
= 7-1 © 


2 
zV +ў2 =constont along а streamline 


‚ 3.Ю  Anincompressible fluid flows steadily past sure at the stagnation point (x = ~a) is po + 
a circular cylinder as shown in Fig. P310. The fluid pV 3/2, as expected from the Bernoulli equation. 
velocity along the dividing streamline (—® = 


x = ~a) is found to be V = V, (1 — a'/x?), Dividing pr а 

where a is the radius of the cylinder and V, is the streamline J 

upstream velocity. (a) Determine the pressure Vo 

gradient along this streamline. (b) If the upstream = = ` 
0 


pressure is po. integrate the pressure gradient to 
obtain the pressure p(x) for =o = x = —a. 
(c) Show from the result of part (b) that the pres- liu ек 
FIGURE P3.10 
= —jJ'sne > ov ш = ду ax 
(a) e F sna - EVES but 8-0 and $f = 2E 2X - ay 
35 Us, = ot 2١ _ 24^ V, 
dp -= yar „.. "V^ [i - ر‎ V [«](59)- 284 
Ж = -eVi --2eaV LI - (X 


(b) (а - (Фа or p-p 
Фе 


= -00 


\\ 


х 
-2p«* V {р -(@71-8 


-2 24م‎ f Tx? a us 


"n 


Thos, 
2 2 
pt [@) -2(®)'| for -œz Xs-aQ 


(с) For X=-@ , from part lb): 


J 


Ре] = Atten 


Х=-@ 
Note: Bernovlli equation trom point t) where V,- Vo, ру 
and zZ,-25 fo point 2) where № =0, 2-20 gives 
> 
A + ZeW^ r2, = 0, ДА 4x2; 
or 
= tay a) 
= + Zeh X = -e0 


= 


З. 


3.1 | Consider a compressible liquid that has a constant bulk 
modulus. Integrate “Е = та'” along a streamline to obtain the 


equivalent of the Bernoulli equation for this flow. Assume 
steady, inviscid flow. 


From £e 3.6 
dp *zpd(V*)*Ydz-O where {= 68 
and ар=Е, de where 


Е, = bulk modulus = constant 
(see Eq. 1.13) 


Thus, along a streamline: 
E, f «dod(v) + pg dz =0 оғ 
E, & + d($V*) +g d2 =0 
p V2. 2, 
Ly? á 
s| ү “Жы )+ {gdz 0 


2 


which can be Integrate d between 
between points (1) and (2) to give 


or 
E & 6 | +20002791222] 0 


Берсе: 


2. 
9 g- Ev + = constant along a streamline 
сек ы Ыс AP MS ы 


3.13 Air flows along a horizontal, curved streamline with a 20 ft 
radius with a speed of 100 ft/s. Determine the pressure gradient 
normal to the streamline. 


v | OK-— 
E 22 7 л =y where 22 20 since the streamine is horizontal, 


Thus, 


if. М? -lo00n30 $98) (100 $)? 
; f 208 


ly Ib db 
=ч ar, (gt B) = 442g 
52 = 


B. 


n 


ay 


[3.14 


E 
3.1% Water flows around the vertical two-di- Ра | 


mensional bend with circular streamlines and 
constant velocity as shown in Fig. P3.14. If the 
pressure is 40 kPa at point (1), determine the 
pressures at points (2) and (3). Assume that the 


velocity profile is uniform as indicated. fe 


FIGURE P3.14 
2 
Be - of = £7- with dz | and VE om 
Thus, with R= 6-0 


2. 
Фф = -y- е or 


n n n 2 
(d = - (rdn - | £522 
n-zo nzo п=0 


so that since J and V are constants 
Р-р, = -in = eV? f 2 
n=0 
Thus, Р 
Р = f, -Xn - eV^ In (=з) 
With £, = kPa and n Imp, = #о44% 9.810 Le (/m) 
- 799 $ (102 |n (£) 


or 
0 = 12.0 kPa 


and 
with f, = 40 kf, and fs, =2m * fA = #05/%- 9, BONO ууз (2m) 
ka ro2) Ip ( 
-797 5 (108) |n (F) 
or 


fa = 220-1 Kk Pa 


4. | 
3.15 Water flows around a vertical two-di- 


mensional bend with circular streamlines as is 
shown in Fig. P3.15 The pressure at point (1) is 
measured to be p, — 25 psi and the velocity across 
section a-a is as indicated in the table. Calculate 
and plot the pressure across section а-а of the 
channel [p = р(2) for 0 = z = 2 ft]. 


FIGURE P3.15 


лл», with Sel, R=22-n, and V-V(n) as given 
in the lable with zn. 


(dp = - (Sdn > fe dn 


(22-0) 
ог 
РР --rG-m- a dn 
Hence with ¥ = iz he А ,e= =/,g4 51045. and 0, = =25% & (ua 


H? › 
= 360 oo 1Ь b, a gives 
p= 3600 +62.4(2-n) +1.94 ЭСЕ) dn , where рт, пећ t) 


For О €n*2 узе the dala in the table (у= Ир), where n=2) 
and integrate numerically lo determine р = ptm. 


z(fü V(ftUs) 
0 0 
0.2 8.0 
0.4 14.3 
0.6 20.0 
0.8 19.5 
1.0 15.6 
1.2 8.3 
1.4 6.2 
1.6 эў 
1.8 2.0) 
2.0 0 


(con't) 


value of integral р, Ib/ft^2 
13.33 3751 
13.04 3738 
11.8 3723 
8.98 3705 
5:32 3685 
2.37 3667 
3652 
3638 
3625 
3613 
3600 
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3.16 | Water in a container and air in a tornado flow in hor- 


izontal circular streamlines of radius r and speed V as shown 
in Video V3. бапа Fig. P3.16 Determine the radial pressure 
gradient, dp/dr, needed for the following situations: (a) The 
fluid is water with r = 3 in. and V = 0.8 ft/s. (b) The fluid 
is air with г = 300 ft and V = 200 mph. 


mw FIGURE P3.16 


For curved streamlines, 


- Ф = = dm , or with 22 =o (horizontal streamlines), R=r 


2 


and a =- 4. this becomes 
je «Br 
к th r= а ft and V» 0.8 and water (p =194 A), 


sig gy 7 slo 4,97 lb 
SHB (0,8 2 E. cd do. 
Ф = (2 fl) P7 з sk: 


12 


£ 
(b) МАр r=300ft and V= 2.00 pl [77 28 гит )= 293 # 


and air ( p= 0.00238 4), 


4 - 0.00238 sue? (243 0)? = 0.68! s75, = 0 6 Ib. 


300 ft а 


3.17 Air flows smoothly over the hood of your car and up 
past the windshield. However, a bug in the air does not follow 
the same path; it becomes splattered against the windshield. 
Explain why this is so. 


air particle 


An air particle flowing along 
streamline (1)-(2) is immersed in 
a pressure field produced by all 
of the surrounding air particles. 
Gravily and pressure effects precisely 
balance centrifugal acceleration effects. 


That is, 


" ys - sf = gr , where Land р are the specific weight and 
density of the air 


R 


air particle follows 
streamline past windshield 


A bug is more dense than air, Pow 7 €; but it “feels” the same 
pressure field, which is not sufficient to make it torn as sharply as the 
air does. Hence, У >R and the bw hds the windshield- 


v9 


3.19 Ata given point on a horizontal streamline in flowing air, the 
static pressure is —2.0 psi (i.e., a vacuum) and the velocity is 150 ft/s. 
Determine the pressure at a stagnation point on that streamline. 


fit FOV +02 = p.t zpV +12, 


where z,*Z, and V, =0 
Thus, 
paz pr tte Chi aeria +2 (0.00238 SH) o $h)? 


-288 + 24,8 si slua- ft (чин) 


-24l i + = -/,0l psi 


alt 


3.21 When an airplane is flying 200 mph at 
5000-tt altitude in a standard atmosphere, the air 
velocity at a certain point on the wing is 273 mph 


ру? += =constant 


(а) Pra 


Thus, with 2,52, =Z, 


Pitzen” 


= fa +2016 
A = +00] where V = 200 mph ( EEE 


relative to the airplane. What suction pressure is 
developed on the wing at that point? What is the 
pressure at the leading edge (a stagnation point) 
of the wing? 


= 
Lut р, =0 so that 


ee £ 


~Somph 
Ls 27 mph a a 


А. = (2. osx 54) [293*— — 400 ^£ н? 


lb 


= – 76.0 4, 


(gage) 


-3 slugs: 2. 
= $ (2.05 x/0 219) (293-2) = 89.0 2; & (gage) 


3.22 Some animals have learned to take ad- 
vantage of the Bernoulli effect without having 
read a fluid mechanics book. For example, a typ- 
ical prairie dog burrow contains two entrances— 
a flat front door, and a mounded back door as 
shown in Fig. P3.22..When the wind blows with 
velocity И, across the front door, the average 
velocity across the back door is greater than V, 
because of the mound. Assume the air velocity 
across the back door is 1.07V4. For a wind velocity FIGURE P3.22 
of 6 m/s. what pressure differences, p, — py, is 
generated to provide a fresh air flow within the 
burrow? 


2 
Pi + 2 еи + SZ, = fa +P + 22 


Thus, with negligible gravitational effects (га. 2,* 24) 
ffr Ee Wo) 
# (1.24 А9.) ((1.97 (6 BY - (6 £y) 


or 
ук r3 Ls 


3.28 


3.23 А loon is a diving bird equally at home 
"flying" in the air or water. What swimming ve- 
locity under water will produce a dynamic pres- 
sure equal to that when it flies in the air at 
40 mph? 


2. 
y VETE з е -| Gir 
2 fair 2 ~ 2 бо Vno "T "P =| | Yan 


бњо 
Thus P -3 Slugs 


e "|a | (nmt = nnne 


fi? 
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3.24% А person thrusts his hand into the water 
while traveling 3 m/s in a motor boat. What is 
the maximum pressure on his hand? 


m 
V-3$ 
45-9 Р Ы =0 


k 2 
еў? or f 72 (999 4) (32 = 45004, = 4.50 kf, 


m* 


3.25 А Pitot-static tube is used to measure 
the velocity of helium in a pipe. The temperature 
and pressure are 40 °F and 25 psia. A water ma- 
nometer connected to the Pitot-static tube indi- 


cates a reading of 2.3 in. Determine the helium 
velocity. Is it reasonable to consider the flow as + 
T 


incompressible? Explain. 


ced y = La V, چ‎ 


ds Z,o-Z, Mc AM 4 =0 


Thus, 
у = و‎ 4 -A) _ | 2-0) 


where m дё 

= ee ak M (16-92) = вохи" 

Ёт (1. 292 xjof Ї#% ) (460 + 40) °R fi 
5/0959 


slvgs 


>> ф, 


and since & , 


420 
f = Yh = 62.4 15 Ё 3 4) =//.96 La 


>) = 203 £ 


Note: VER where c-VkRT 


Thos, УЯ 
с = |^ 66 (1. 2 42/0) у ag t (460 + #0) e] = 3 2/0 f 


ог 
203 Ё 
Mi= 3a H " 0.063 <<9.3 Thus the tlw сал be 
i considered incompress thle. 
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3.26 Ап inviscid fluid flows steadily along the stagnation 
streamline shown in Fig. P3.26and Video ¥3.7 starting with 
speed V, far upstream of the object. Upon leaving the stagna- 
tion point, point (1), the fluid speed along the surface of the ob- 
ject is assumed to be given by V = 2 Vs sin 6, where 0 is the 
angle indicated. At what angular position, 02, should a hole be 
drilled to give a pressure difference of p, — p; = pV$/2? Grav- 
ity is negligible. 


B FIGURE P3.26 


A * Zl =p, +401 = р +P, 


where V, =0 


2 


Ths, 


Рр = soil yn 
so that if 
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3.27 A water-filled manometer is connected to a Pitot-static 
tube to measure a nominal airspeed of 50 ft/s. It is assumed that 
a change in the manometer reading of 0.002 in. can be detected. 
What is the minimum deviation from the 50 ft/s airspeed that d 


can be detected by this system? Repeat the problem if the nom- 
inal airspeed is 5 tus. h 
(2) || E 

2 2 
2,=22, and Рг = à, oh 


"e pv 5 (000238 iy? £ (1238) 
Г E ) 


Thus, 
rr 


noh 
23 —— 2 Xio 2 (62.4 2 


Hence, | =2.29x10*V*, where V~ t/s and h~in. 
For ү = soft this gives 

h= 2.29 xı/0* ( 50 = 0.573 in. 

while for У = 5 f il gives 

р =2.29x10*(5)* = 0.00573 ja. 

With h+0.002in. from {hese nominal valves we obtain 


h, їп. V, ft/s 
0,5 7/ 
0,573 
0.575 


0.00373 4.04 
0.00573 5.00 
0.00773 5.81 


Thus, with V, = Sofl& the minimum air speed deviation that can 
be detected js 10.1 ft^ . for И=5 16 if is +0.81 H/s, 


2 
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3.28 (See Fluids in the News article titled ‘Incorrect raindrop 
shape,” Section 3.2.) The speed, V, at which a raindrop falls is a 
function of its diameter, D, as shown in Fig. P3.28. For what sized 
raindrop will the stagnation pressure be equal to half the internal 
pressure caused by surface tension. Recall from Section 1.9 that the 


pressure inside a drop is Ap = 4a/D greater than the surrounding 
pressure, where c is the surface tension. 


0 0.05 0.1 
Dyin: 


| | е EFIGURE P3.28 
Determine diameter D for which 


ToV'- [40/2] , ол 
+ (0.002381) ү? ifs: 03x10 a) /D | 
ре EPA where D~ft and V^ fl/s 


TD = lo1/V* , where D^ in. and V^ ft/s (1) 
Thus, there are 2 unknowns, Dand V, and 2 equations, Eq.) and Fig. P3.28, 


The solvtion 15 given by the intersection of these two D-Varaphs 4s 
shown below. 


Thos, D= 0.4), = 3.4 тт 
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3.29 (See Fluids in the News article titled "Pressurized eyes," 
Section 3.5.) Determine the air velocity needed to produce a stag- 
nation pressure equal to 10 mm of mercury. 


LoY*- fiy = 10 mm of mercury = dy, h , where ў, = 133x 1056 
Thus 


ut 2 | 
2 (1.23 И.) V = jomm (pau) (133 ×/0 M.) 
or 


V- 46, 5 m/s 


3.30 


3.30 (See Fluids in the News article titled “Bugged and plugged 
Pitot tubes," Section 3.5.) A airplane's Pitot tube used to indicated 
airspeed is partially plugged by an insect nest so that it measures 
60% of the stagnation pressure rather than the actual stagnation 
pressure. If the airspeed indicator indicates that the plane is flying 
150 mph, what is the actual airspeed? 


When unpligged the air speed indicator would register a pressure 
difference of 

Ap = {oV = zoll mph) 

al /50 mph. 


However, when plugged and the reading mdicates /Somph, the actyal 
speed would be 


АЙ = zo (150pygh) = Ó. ШР, Ж 


or 
V= 194 mph 
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3.32 Water flows through a hole in the bottom of a large, open tank 
with a speed of 8 m/s. Determine the depth of water in the tank. Vis- 
cous effects are negligible. 


2 2 
f + 20M +2, = f, + zph +022 
Thus, with @ “ff, 2a = V 20, 


ї 2, АЧ , where (=[0@ and z =} 
$0 that А 
eges 
or 


М” (e£y 
= کے‎ ee ees О т 
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3.33 | 


3.33 Water flows from the faucet on the first floor of the 
building shown in Fig. P3.33 with a maximum velocity of 20 
ft/s. For steady inviscid flow, determine the maximum water 
velocity from the basement faucet and from the faucet on the 
second floor (assume each floor is 12 ft tall). (3) 


а) $ 
V = 20 ft/s Fy 


m FIGURE P3.33 


+ А. seer = constant 


б 
y? M " i 
Thus, Lh tag tz dc. t +22 with fa = fy =0 (tree jet) 
or 


2 А and y 20s | z-f 


dew (cdi Z, =~ Off 
2. (32.218) i 2 (32.24) tee É 


and fry M. az = fs A +Z, wih fa=p,=0 (free jet) 
23 and Y -208 2 =4 tt 
uui + Fe 


or 
(20 ft)? E y 2, =/6 f 
SLE +46 e аа + /6 H 


or | 
/ =ү 20 2_2(32.2)(12) = y _373 Impossible! No flow 
5 from second ffoor faucet. 
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43.35 Ап inviscid liquid drains from a large 
tank through a square duct of width b as shown 
in Fig. P3.35. The velocity of the ffuid at the outlet 
is not precisely uniform because of the difference 
in elevation across the outlet. If b < й, this dif- 
ference in velocity is negligible. For given b and 
h, determine v as a function of x and integrate 
the results to determine the average velocity, 
V = Q/b*. Plot the velocity distribution, v = 
v(x), across the outlet if = 1 and b = 0.1, 0.2, 
0.4, 0.6, 0.8, and 1.0 m. How smal! must b be FIGURE P3.35 
if the centerline velocity, v at x = 5/2, is to be 
within 3% of the average velocity? 


V 2 
++ = Opt tz, Р where pfi рг=0, V=0, И = п. 
2,= 0, and z--h*&-x 


= +€ +8 -x) or а= J24(x*h- 2) D) 


Also, Х=Ь Ь А х=} 
0 = (ardh = (arb dx = 125 b(x th - "dx - big Zap 5) 

па X-O 4 ۴ 
Q= gh 7^ -(-5* | 

Hence, with Q=AV= b*V this gives 

у= Veg [h^ - Gi 84] " 


Plot ar =ar(x) from Ед.) from X=0 to X=b with h* | m and 
b=0.1, 0.2 0.4,0.6,0.8, and 1.0. See the graph al the end 
of this problem solvtion. 


Let \ = centerline velocity =w i bí 


V. = 29h (2 
Note that in the Гола case of = =h the average 

velocity (see £e. (2) is " 

VI = 25 2g | (29) | = Z- Үзуу = oes Tag 

b-h = 0.943 А 


where from £e. 0): 
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that (ht Ye = (1+) РА 2 (0+) and 
(h- 8) = h(1- 5 = К®(1-4(Д)+-—) 
Hence , £g. (2) in the limit 5. +0 gives 


v] < ae] = Ж P Gb) 
Ьо 


We are to determine the 
value of b that gives 
V - V = 0.03V, or 


That is, trom Egs. (2) ата (3): 
bah = /,03 (si) Vag |(h :3^-(- 2^] „or with = Z 
30 = 1.03) (+7) - (1-3% ] 


Hence, find the root of the function Fin) = Loa (+n) -(I-*]-3 
i.e., 9 such that F(9)-0. By ysing a standard root- Finding 
computer program we obigin 


Y =0.779 

к 5 
Thus, 0 =0.779 = эр 
ог 
b= 2(0.779)h = /.56 А 


For b<156h it follows that the centerline velocity is within 
3% of the average velocity, 
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3.36 Several holes are punched into a tin сап 
as shown in Fig. P3.36. Which of the figures rep- 
resents the variation of the water velocity as it 
leaves the holes? Justify your choice. 


FIGURE P3.36 


d (az = constant so that with V, =0, f, =0 and 2, =, 
at the free surface, then 


A + 25 32,7 we E +22 or with fA. =0 (tree jet) and 2;-h, 


on 


ded n pul e ipa 


Ve 


Ега. (а) fs correct distribution 


2.97 


3.37 Water flows from a garden hose nozzle with a velocity 
of |5 m/s. What is the maximum height that it can reach above 
the nozzle? 


ш (I) Z,-0 


3.38 Water flows from a pressurized tank, through a 6-in.-diameter 
pipe, exits from a 2-in.-diameter nozzle, and rises 20 ft above the 
nozzle as shown in Fig. P3.38. Determine the pressure in the tank if 
the flow is steady, frictionless, and incompressible. 


ү ү? — гү 
Bt 2457 e+ ap 2 BFIGURE P3.38 
where Veo i» Z 7 2fl, 2,222 and fs z0 

Ths, 


f z Za. Ё 


Á = f (227 2,) =@2. 4 35) (2241 - Afl) = 248 - r^ 
Note: The diameter of the pipe or nozzle ane rot needed. 
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3.39 


3.34  Aninviscid, incompressible liquid flows steadily from 
the large pressurized tank shown in Fig. P.3.39. The velocity at 
the exit is 40 ft/s. Determine the specific gravity of the liquid 
in the tank. 


f = 107 E (jtd й) = #40 , p=’, 


TERE ر 0> رت‎ у 20, and И = Hott 
This, 


{Ж 
[440 Б/Н” o OHS 
LITT TZ 
or 
Y = /46.3 1h 
Hence, 


_ Ш | 
"me фо ЛЕ CEST 


Ё 
Ф 


Ш FIGURE P3.3q 


3.40 Water flows from the tank shown in Fig. P3.^0.1f viscous 
effects are negligible determine the value of Р in terms ot H and 
the specific gravity, SG, of the manometer fluid. 


2 
Г un, „ЖЕ uo aan 
HE коз and 2,-227H 
Thus, 


бе =H 


But, p, = pa +00 = pu =p +(#+4-А) +561 
or 
f, = 8(H-h +S6h) 
Combine Eqns. (1) and (2) to give: 
Н =(H *(se-I)h) 
or 


(S6-1)h «0 
Thus, if 56 #1, then h =0 for any SG 


Je} 


3.41 (See Fluids in the News article titled “Armed with a water 
jet for hunting,” Section 3.4.) Determine the pressure needed in (2) 
the gills of an archerfish if it can shoot a jet of water 1 m vertically ° 

upward. Assume Steady, inviscid flow. 


— 


а ==ы 


mouth 

From the Bernoull; equation, fi il 
И TU : p 

feria Boles, à 


Assume V, 0 (large gills }, Д2 << Im (small fish), f^^? (free jet ) 
and Va =O (top of vertical water еї), 


This, 
й -£,-X, or р (Rex) 80x10 (1m) = 9,00x)0 =1 АВ, 
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3.43 Air flows steadily through a horizontal 4-in.-diameter pipe and 
exits into the atmosphere through a 3-in.-diameter nozzle. The veloc- 
ity at the nozzle exit is 150 ft/s. Determine the pressure in the pipe if 
viscous effects are negligible. 


№ =/Sot, 


From Bernov ll; s equation, tin. 


f + HOV +12, =p, Hou rz, 

This, with Z, =2 ر‎ ff. * 9, 2р4 V -10 
f= zelV, - -V,*) 

But ДМ =AaVa , or V, ys £x). -(2) =( 310) (soff) = 944 Ë 
Thys, 


li: 
f, = z (0.00238 ERE) (sof) (ева Л = єз (died) 
or 


f ciem = 0.127 psi 
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3.44 A fire hose nozzle has a diameter of 14 
in. According to some fire codes, the nozzle must 
be capable of delivering at least 250 gal/min. If 
the nozzle is attached to a 3-in.-diameter hose, 
what pressure must be maintained just upstream 
of the nozzle to deliver this flowrate? 


D =3 in. À 
ue i D, = 1125 ih. 


2 
P УБ ЭРЕ КЫ > мы | =й 
with 2,=2, , £,-0 
3 А 

in | 87 / Pu. 115 
and Q ={25о gei) CL 1728 in” з) "d BECOME: 
Thus, " Б 

ае еа 

Е ag [4 -w*] where K=% = = 80.72 


F(R f E 


ant Q 0.557 fr 
> —— : SEC - f 
/ 774 » T-3 H^ F 344 

+ 5-) 


SO that wit ze 
Á (1.94 082) вол? - 11.347 ы 


n 


6190 $, = 430 psi 


3.445 


3.4S Water flowing from the 0.75-in.-diameter outlet 
shown in Video V8./4and Fig. P3.45 rises 2.8 inches above 
the outlet. Determine the flowrate. 


gm FIGURE P3.*5 


The flowrate is Q= А, V, , where from 
the Bernoulli equation 


2 
#+% in Xa А 


Thus, with’ fi = fa = 2 = р =0 we obtain 


V = 1292, = 2 (32.2 4/67) (2.8/12)11 = 3.88 ft/s 
so that 


Q- AV - ECA) GE) = o. 019 $- g£ 
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3.46 X Pop (with the same properties as water) flows from a 
4-in. diameter pop container that contains three holes as shown in 
Fig. Р3.#6 (see Video 3.9). The diameter of each fluid stream is 


0.15 in., and the distance between holes is 2 in. If viscous effects -" 1 fa oc 
are negligible and quasi-steady conditions are assumed, determine a 

the time at which the pop stops draining from the top hole. 

Assume the pop surface is 2 in. above the top hole when ¢ = 0. h; 


Compare your results with the time you measure from the video. 


0 = $ + 0, + و‎ = A. AL dA ш FIGURE РЗ.46 

where Q; = МА. = 5 A; and А, =А, A, = „үм 1) 
(с=1,2,3) „122710? 

Thus A= Fa f) 0.0879 Ц 

ҮА, * Vi, +1, ] =-A, д}, where h,=h,h,=h+L, p, = h*2L 

Hence, " and L=2in. 


ау NST o din Pe Mimpi 
: ( a (Uh * pz +1h+22) iiem Ie res Ж 


to reach the upper hole 
or £ (h=0), 
"T dh 
Alea eg | (Yh ++ +үрғ22) 
0.08 73 fi^ i dh 
7 (1227110 е) 32.2 WF Л +012 0р2) 
This L 


88.7 | ———— — — 42 fl - 0447 
E "(зк irl pany "e АША ШАШ 
Note: With L inteet, this egval ion gives Ё in seconds. 


(con't) 


Je] 


The numerical valve of the integral is obtained by vsing the 


trapezoidal rule since the closed form analytical solution 
js not given in integral fables. The EXCEL spread heel Used 


for this is given below. 


L ] 
й = 887 ( fth)dh where 1007 e yr Eu 


0 


= 88.7 [125 (C; * fya hiar hi) 


gel 


h, in. h, ft 
0.0 0.0000 
0.1 0.0083 
0.2 0.0167 
0.3 0.0250 
0.4 0.0333 
0.5 0.0417 
0.6 0.0500 
0.7 0.0583 
0.8 0.0667 
0.9 0.0750 
1.0 0.0833 
el 0.0917 
2 0.1000 
1.3 0.1083 
1.4 0.1167 
1:5 0.1250 
1.6 0.1333 
1 0.1417 
1.8 0.1500 
1.9 0.1583 
2.0 0.1667 


f(h), 17 


1.015 
0.914 


Sum of column = integral = 


Thus, t = 88.7*0.12011 = 10.7 s 
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| -(88.7 ozo |= 10.75 


(1/2)*(f, sh f)" (hia Ei hi). ft E 


0.00804 
0.00743 
0.007 11 
0.00686 
0.00665 
0.00646 
0.00629 
0.00614 
0.00600 
0.00587 
0.00575 
0.00564 
0.00554 
0.00544 
0.00535 
0.00526 
0.00518 
0.00510 
0.00503 
0.00496 


0.12011 


«o o-100 0 N = ~. 


3.47 Water (assumed inviscid and incompressible) flows steadily 
in the vertical variable-area pipe shown in Fig. P3.47. Determine 
the flowrate if the pressure in each of the gages reads 50 kPa.. 


From the Bernoulli equation 


fy t OV 12, = д, +20? sez, 
where ¢, =f, 250 kPa 
Thus, 
ze -V,’) = I (2,-22) 
B AM =A2l4 ог 


= а £M 
A "2 "(Ey )№ = = (= 2! ү, - 
(n libns 


ze] - V] = eg (z,- 2) 

Or 

LĒ V = 2@(z,- 22) =2(48I-)(10m) 
or 

М =/4,52 
Thus, 3 
Q =A V, = dm) (s 2) = 42 


H FIGURE P3.47 


i “аге —————————— 


3.48 Airis drawn into a wind tunnel used for testing auto- 
mobiles as shown in Fig. P3.48. (a) Determine the manometer 
reading, h, when the velocity in the test section is 60 mph. Note 
that there is a 1-in. column of oil on the water in the manome- 
ter. (b) Determine the difference between the stagnation pres- 
sure on the front of the automobile and the pressure in the test 


section. 
e. Wind tunnel 


(1) 


Ш FIGURE борун 
2 
(a) Fitz) + = م‎ + A +» 


Z,*Z, ‚б=0,47Л4 \=0 
Thus, with Ve = 40 mph - bet 


f=- or 


Pat - з E * 2-4 (о.ооазе SH) (o Н) - 022 fh 
Вл ^ * д о - ¥, (TEH) =0 where бл = 0.9 i, 9° 0.9(624 Hs) 


Thus = 56,2 2 "n 

“9.22.55 а +624 (ИА) -5%2 35 (fl) =0, or ђ=0. 2238 
(h) 1z ua 2 +7, MA 

f ta Lá 

Where 

427-2; and Vz =0 

Ths, = 

fz AP = [3 or 


3.449  Small-diameter, high-pressure liquid jets can be used 
to cut various materials as shown in Fig. P3.49, If viscous ef- 
fects are negligible, estimate the pressure needed to produce a 
0.10-mm-diameter water jet with a speed of 700 m/s. Deter- 
mine the flowrate. 


m FIGURE P3.49 


+ 2, жн U RO, 2,222, and р, =0 


= 20/0 “= (999%,)(700%)* = 2.45х105 AS А 


wy, -9 2 -6 m? 
- 700% 4 (10 m) | = 5,5ох/0 i 
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3.50 Water (assumed inviscid and incompressible) flows 
steadily with a speed of 10 ft/s from the large tank shown in Fig. 
P3.50. Determine the depth, H, of the layer of light liquid 
(specific weight = 50 Ib/ft?) that covers the water in the tank. 


@FIGURE P3.50 


From the Bernoulli equation, 
Ve 


2 
+E, = - +77 +2, 


= ФН, М0, p70, 2= fl, and z, "5 
a + Z so that with y= lots, 


Eo lbi f? (I0 fi/sY* 
snam] £4 = 2(82.2f1/s?) * 5fi 
Therefore, 

Н = 3.1 ff 


3.5! Water flows through the pipe contrac- 
tion shown in Fig. P3.5!. For the given 0.2-m 
differencein manometer level, determine the flow- 
rate as a function of the diameter of the small 


FIGURE P3..5] 


or with 2, = 22 and ES 


dia = YA and „=Й; so that р-р ОР) = 0.28 


J 
= 25 238 -y22 (0.2) 


3 
Q vA M = FV, = 5 ү2 G.81)(0.2) 9^6 D^ 2 when Dem 


15.542 


3.52 Water flows through the pipe contrac- 
tion shown in Fig. P3.52. For the given 0.2-m 
difference in the manometer level, determine the 
flowrate as a function of the diameter of the small 


pipe, D. | 
FIGURE P3.52 
La M ag, = He ME oz, th AM A 
yz / y 29 2 Wı WV) “12 V2. 
d GrP) y ror? 
Thus, with 2,=2, um TE ay V = (24) А 
2 ; 0./ 4 2 Є 2) 
р: _ v-v ГС) - ДИ 
Ш ` 22 2g 
but 
L= oh, and &= Jh, <o that fr ~f2 = (р, №) =0.2 ¥ 
Thos, М ; 
T 
oor [C87 - м or Y= ا‎ 
y 22 [25 - 1] 
and 
Q-A = Z (0,1) [22 (2 (28/)) 
c Were 
or 
2: 


3 
JH when D~m 
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3.83 Water flows through the pipe contraction shown in 
Fig. P3.53.For the given 0.2-m difference in the manometer 
level, determine the flowrate as a function: of the diameter of 
the small pipe, D. 


BFIGURE P3.53 


fol vxo Fee 
Pu tn Arig A 


Where 2,= 2. and V2 <0. 


Thus, 
u^ 2 

2 tu = be 

But 

Ar=X and f = 0.2m +X зо that 
y? 


—L = 
X "Za O.2mtX ог 


1 
V = (24 (0.2m) = (20812. )(02»)) = 1.98 2 
Thos, 
Q = A, V, = olm) (1.96 2.) = 0.01.56 m for any D 
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3.54% А 0.15-m-diameter pipe discharges into a 0.10-m-di- 
ameter pipe. Determine the velocity head in each pipe if they 
are carrying 0.12 m?/s of kerosene. 


3 
КТ _ е 
Z (015m) 


bal? = 


mà 
_ OILE 


A, Z (0.10m)* 
Thus, 

V2 _ 6.79 21)? 
2g 2(951-@) 
and 


2 m 2 
LA [56.27 ту = 1.9m 
27 20814) == 


А = 15.27% 


= 2.35 mM. 
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3.55 Carbon tetrachloride flows in a pipe of 
variable diameter with negligible viscous effects. 
At point А in the pipe the pressure and velocity 
are 20 psi and 30 ft/s, respectively. At location 
B the pressure and velocity are 23 psi and 14 
ft/s. Which point is at the higher elevation and 
by how much? 


2. 2. 
Mtii -G++ wilh 8-995 fs 


* 
p = Fa-fs ‚ М-М _ (20-23): (недв) 
id: i id 49,5 ل‎ 
D^ 


26-25 = 6.59 fl, Bis above A 


3-5] 


2. 4 


2 (32.2 ff) 


2,56 


3.56 The circular stream of water from a faucet is observed 
to taper from a diameter of 20 mm to 10 mm in a distance of 
50 cm. Determine the flowrate. 


V 2 
Жа +E, = Де + +2, 0.50 т 
where р =f =0 , 24-0, E, = 0.50 
ала (2) D, =0.0/от 
pane = 
| 9 JW A 4 
Thus, 


NET Je. 4. Vig 
NE = pear 
or Since 

га = у we oblain 


1 
242, т a} 209.01 25) (0,50®)|? 


0.02.0 
3 


-2,54 x [0 Ме 


3.57 Water is siphoned from the tank shown in Fig. P3.57. The 
water barometer indicates a reading of 30.2 ft. Determine the 
maximum value of ^ allowed without cavitation occurring. Note 
that the pressure of the vapor in the closed end of the barometer 
equals the vapor pressure. 


5-in. diameter 


BFIGURE P3.57 


A +H +2, «tb + where / <0, O, f. “Prapor 
Thus, жб, Дана M 
0 = Варе + Ve + 6 fH 

7 29 


but ptso2t Y=", or since fy” Prapor , {уг = -30.2 fi 


Hence, 

2 2. 
О = =зб2{ї 4 E 46fl or A = 242ff op V, -[ (82.2 £628) 
Thos, 


И = nno 


; A D 3 in. V. 
Since Аз =VzA2 , == “Bh GE) oD) 
or 
Keno 8 
However, 
ddr +z = Braz, or у, = J22h 
Thus, 


DER y2 (32.28 htt or f 23.3 fl 
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$3.58 As shown in Fig. P3.58, water from a large reservoir flows 
without viscous effects through a siphon of diameter D and into a 
tank. It exits from a hole in the bottom of the tank as a stream of di- 
ameter d. The surface of the reservoir remains H above the bottom 
of the tank. For steady-state conditions, the water depth in the tank, 


h, is constant. Plot a graph of the depth ratio Һ/Н as a function of the 
diameter ratio WD. 


(1) 


9 


HFIGURE P3.58 


From the Bernovll'; equation, 


l у? = = A 
й. + 29 YZ 2 tag +7, 
where д -V «0, Z, «Hl, and at the "Tres jet" end of the siphon, 


f. = Y(h-99. 
Thus, Eq. (1) becomes 
Nt (EARE +Z, = hte 


or 
V, = 29(H-h) 
Also, 


The, , 
h = № or 


V, = Pgh 
Also for constant liquid levels т the tanks, Q, = @, 
or 
A.V, Р ү; 
0 that 
TD V, -Zd^V, 
From Eas. (0,0, and (3): 
у 29 (H-h) =d* 29h or H-h -(4)'h 


Thus, 
A. = TAY This геги} is реа on the next page. 


(con't) 
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3.54 A smooth plastic, 10-m-long garden hose with an in- 
side diameter of 20 mm is used to drain a wading pool as is 
shown in Fig. P3.54. If viscous effects are neglected, what is 
the flowrate from the pool? 


FIGURE P3.54 


2 2 
AL. sz, = By 2 tZ. where gif, 2,= 02M 


ў 28 24 
g,-7-20.23m and И =o 
Thus, я Мый 
D 
А = 122(ғ, -2,) = (2 (281 Z )(0.2.m —(-0.23m))) 
22.008 


o 
mM 3 
@=4„ = zz (0.02om) (2.902) = 9.1 х/о es 


3-56 


3.60 Water exits a pipe as a free jet and flows to a height Л above 
the exit plane as shown in Fig. P3.60. The flow is steady, incom- 
pressible, and frictionless. (a) Determine the height Л. (b) Deter- 
mine the velocity and pressure at section (1). 


HMH FIGURE P3.60 
(a) From the Bernoylli eqn., 


fa +4 Ein £s Д و‎ +23, where ff and V, = 


oe HAS 
ip 2:384 2 = 
(b) Also A, V =A, ү, 


y. I (I4) - 34.0 € 


From the euge equation 
£L, + Z = Bes A E. 


or Pa dn - 07. 


p =t 2 ze(V 2/2) DURA where f=? 


d 
f, = (1.94 [Cie BY (26.0 5] 462.498 (в) 


= -1 009 (24573) rg + 499 B 


= — Fi 
0 d 


3,6] 


3.61 Water flows steadily from а large, closed tank as shown in 4 a = =. 

Fig. P3.61. The deflection in the mercury manometer is 1 in. and |... Duc | 1 К diameter 
viscous effects are negligible. (а) Determine the volume flowrate. 8 ft. | 
(b) Determine the air pressure in the space above the surface of the 


water in the tank. т 


3 in. diameter 


Mercury 
Ш FIGURE P3.61 


(a) From a Bernovll; apr 
(1) ا‎ + 24 tz, fz ue 1 Zo 7 Where ALIA and £g “27. 


Ay, for the e 
f. =P hyo (P= lin.) + dy, Clin) 


or 
fa = Gig Fino) (in) = др C6, =1) lin.) 


62. Жин (EF) =45.3 8 
Thus, trom Eq (1), 


MaE T Р 

ag = иН RU 
50 that 

y = (2)(32.2 $) (1.066?) -8.4 f 
Hence, 


Q-AV = Z Onf(e218) 264s 2 Н 


(b) From the Bernoulli equation 


2 @ 
(2) te EZ, - 2 E mt ey where y= 9 № =, and ү, 
Thus 3 
ye = „мы 
2 
(ж) 


Hence, from | Eq) 
feza М a # fx Lo MV +Y (z, - Zg) 
Hence 


1. sly n? > T Ib . 
фе = zn Ou 12) 2416 ( ФН) = 16/503 = 112 psi 


Jess 


3.62 Blood(SG = 1) flows with a velocity of 0.5 m/sin an artery. 
It then enters an aneurysm in the artery (i.e., an area of weakened 
and stretched artery walls that cause a ballooning of the vessel) 
whose cross-sectional area is 1.8 times that of the artery. Determine 
the pressure difference between the blood in the aneurysm and that 
in the artery. Assume the flow is steady and inviscid. 


From the Bernoulli eqvation, 
fi tdg ia, = p, Hd pk ur, 
where Z,-Z, and V-Os£ 


T hys, 
0 Pp =ғр(и^- уз) 
However, 
C= Puy 56 = б, 01) = 99944 
and J E 


V, A, =V A, 0f 


4 = DEA 
Thus, £e t!) becomes 


2. 
ffo = £19998) (0.5 Ge) (0.527 ] 
= kgm) 72 _ N 
86.3( LT) дт = 26.31 = 86.3 Pa 
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3.63 Water flows steadily through the variable area pipe shown in Density = 600 kg/m? 
Fig. P3.63 with negligible viscous effects. Determine the manome- 

ter reading, H, if the flowrate is 0.5 m?/s and the density of the 

manometer fluid is 600 kg/m’. 


Area = 0.05 т? EZE 0.07 m? 
AFIGURE P3.63 


From the Bernoulli m 


ELM ag th = Ё. pth, where Z, 22, 
Du 

ffo = YW) = 600-0) 

Вл Q =A,V, =/„И. <o that 


т? 
— z 0.5 = — m = = 
RE оек OS d EUR 


Hence, from T (1): 

pa-p, 300 Eom от] = 24.5x10 (82i 
= 24 5×0 №, 

For the manometer 

Й s h дй = 5-б Ort 

so that 


fe к Url) - e "m а, = (бро Grand t= 9C Qu Crand Н 
Hence, ү Egs (and (3): 


m. a m ka 00 К 
24,5K10 =5 = 9.81 5 (77925 690.7) H 


or 
H= 6.26m 


3.64- Water flows steadily with negligible viscous effects 
through the pipe shown in Fig. P3. 64 It is known that the 4- 
in. diameter section of thin-walled tubing will collapse if the 
pressure within it becomes less than 10 psi below atmospheric 4-in. diameter thin-walled tubing 
pressure. Determine the maximum value that Л can have with- 


out causing collapse of the tubing. 


WB FIGURE P3.64 


Biz, + - 5. +2, + z 
where T 
р=0, VU =0, Z, =0, and р, = -10$ (MAE) = -1440 f 
Thus, with Z- 4H 
4H - оТ Р m 
62.9172 ° 2(s2.2fl/e) 


r Y, = 4.7 2 


Also, е 
Ват, = £g, +f 
where 
РТА AN _ Zin ft 
f= 9, 2,=7h, and № = = х E Убит) 
= sit 
Thus, E 


T (18.545) 
Af ide 2 (32.2 fl/s?) 
or 


h= 1.31 fl 
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3.65 


3.65 Helium flows through a 0.30-m-diameter horizontal pipe 
with a temperature of 20 °С and a pressure of 200 kPa (abs) at a 
rate of 0.30 kg/s. If the pipe reduces to 0.25-m-diameter deter- 
mine the pressure difference between these two sections. As- 
sume incompressible, inviscid flow. 


0) *(2) جل‎ (0 
E z= = + -%. +» М 
+7 ар 2" 22 D,= 0.3m D, = 0.257 
where z, -2; р = 200 kPa abs 


7; = 20°C 
Thus, 


з М 
б) p-f +e- у> where 0 = с _ 290xX/0 ш> 


RAT e A )(273 420) K 


or g ke 
= 0,32 
Also, n р m 
mM = p4, =0 30 
so that 
= 0.30 5 = /2.9 Z 
/ 0.329%) Z (0.3m) Е 
and 
АИ =A or 
а YN 0.3m E m 
= И = лгы] (12.92) = 19.62 


Thus, from &9.%)' 
fh + (0.329 49.) (18.6*-12.9* 2 = 29.5 Pa 
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3.66 Water is pumped from a lake through an 8-in. pipe at a 
rate of 10 ft/s. If viscous effects are negligible, what is the pres- 
sure in the suction pipe (the pipe between the lake and the pump) 
at an elevation 6 ft above the lake? 


where E=, Y29, 2-0, 2, = 6.0 ff 
d 


_ 40022) 
"RIS eNe 
7 CER) 


"TT. 


-62.4 f, (6.0 44) - £ (1.9% zn (29,6 ft)? 
— 8.// ps; 
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b = width = 0.06 т А 
3.67 Air flows through a Venturi channel of rectangular cross 3 Free jet 
section as shown in Video V3.0 and Fig. P3.67. The constant ¢ 
width of the channel is 0.06 m and the height at the exit is 0.04 m. 
Compressibility and viscous effects are negligible. (a) Deter- 
mine the flowrate when water is drawn up 0.10 m in a small tube 7 


attached to the static pressure tap at the throat where the chan- 9,94 т3 0.10 m 
nel height is 0.02 m. (b) Determine the channel height, A;, at 

section (2) where, for the same flowrate as in part (a), the water 

is drawn up 0.05 m. (c) Determine the pressure needed at sec- 

tion (1) to produce this flow. 


m FIGURE P3.67 


(a) For tS inviscid, incompressible flv: (¥= 12.0%) 


Е я 
(1) Lk 29 = Lr where fy =0 , ру = = о 1, = 280x104 (олт) 


"n = -980 
(0.0, х0,06т) Л 
А =A, M, so that Vo (б.т oim) = 2M 


Thus, Egn.() becomes 


N d 
~ 980 m AN _ V 
12.0 Za "30.812 (9.01%) 200) d Vp = 234 $. 


Hence, А 
Q= А, V, = (0.0%mx0.06m) (23.1%) = 0,0555 Z 


MAT le 
(2) (b) де te = ty tag Where &=0, f -- ў, = goxo A (0.05m) 


= - 490 
From part (а), VW, = 23.1% = 


Thus, Eqn. (2) becomes 


- 490 ha ү> (23.1 2)? т 
کے‎ е کک‎ gs Ие 36.5 < 


12. 0X, 2(9.81 & п.) 2 (4.61 44) 
But WA = V, Ae so that 


(36.54) (0.06m)h, = (23.1 £ )(0.06m) (0.04m) or h, = 0.0253 т 


(з) (с) Also, At + : irk where £, =0 and A,V, = Ag Ve 


But since A, =(0.04mx 0.060) = Ay, then V,- Ик and Egn.(3) gives 
= f ps 
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3.68 Water flows steadily from the large open tank shown in 
Fig. P3. 68. If viscous effects are negligible, determine (a) the 
flowrate, О, and (b) the manometer reading, A. 


Mercury 


BFIGURE P3:68 
(a) From the Bernoulli equation, 
p tze ^+, = 2 *£p 4َ +02. where P RO, e 2, = fm and Z2=0 
T hus, 
62, eto, , or eg 2, = 2 eV so that V, = fas 2, 
ог $ 
VV =ү2(9.8/т/52) 8m) = 8.86 m/s 


Hence, 
Q = A, V, = Z (0.10m) (8.8 4m/s) = 0.0646 ms 


(b From the Bernoulli equation, 
f porem = fa + £o * TZ, where Za7 s and p «0 
p Ze s - Ww) А 
Also, HV. = Аз Vs so that Vs T "А -(# М (oo) 8. 86/5 = 13.24 m/s 
Hence, 
рз = d (444% /т?) [04m - (13.84m/c)" ] = = $6,500 M/m? 7 
Also, from the manometer, 
fr = -àh + Û, (2m+(0.08/2)m) 
-(I33x I0 N/m?) h 19.80x10 Mm? ) (2.0m ) 
- уззхјо?һ + 499x10” М“, where h^m 
Thys, from Eqs. (1) and (2): 
- 5,85xj0% W/m? = - 133 Y h #1,99K10" Му? 


0f 
h = 0.574 m 


3.64 Water from a faucet fills a 16-oz glass 
(volume = 28.9 in.") in 20 s. If the diameter of 
the jet leaving the faucet is 0.60 in., what is the 
diameter of the jet when it strikes the water sur- 
face in the glass which is positioned 14 in. below 
the faucet? 


NEL. y "23 


With ро, Z, = 100. , Z220 
Thos, 

" | vi?" Q «v 
№ = 23(2+ 5) where н a pr và 
or Ifi 3 


V A (28,9 /»?)( ILE. 


= z &0, 9424 f 
H (FE JH (203) ү 


Hence, 
/ | (0.4264)? ү _ 7 
E s 2 Graf HE n IO.) = 8.67 Ë 
But, 
AV =A. so that DV, = ДАИ, 
or m 


4 Й 
V ‚#2 2 ] : 
D, =(5;) D, = Eag J (о.воїл) = 0.132 in. 
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3.70 Air flows steadily through a converging-diverging 
re ‘ctangular channel of constant width as shown in Fig. P3.70 
and Video V340. The height of the channel at the exit and the 
exit velocity are Не and Vo, respectively. The channel is to be 
shaped so that the distance, d, that water is drawn up into tubes 
attached to static pressure taps along the channel wall is lin- 
ear with distance along the channel. That is, d = (dm,,/L) x, 
where L is the channel length and dmax is the maximum water 
depth (at the minimum channel height; x = L). Determine the 


height, H(x), as a function of x and the other important para- 
meters. 


w FIGURE P3.70 


P T zy *z ev" = fe +Z, Ў +t 0%” where @ = 4^ density 


where 
Z-Z,, {%=0, 0 = - yo d d = о бт x 
Thus, 
- yy fax + pV = ри? 
But 
AV=A, V, or = Be ү, = fey, 50 that 


2. 
- Ypo их + tof ev, = ipw 
ا‎ 


Ho PET" dmax ) X Typical shapes are shown below. 
e Vè 
Н/Ң, vs WL 


x/L 
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3.7! The device shown in Fig. Р3.7/ is used „р 

: B à 0.10 in. diameter 
to spray an appropriate mixture of water and in- D . 
secticide. The flowrate from tank А is to be 
Q, = 0.02 gal/min when the water flowrate 
through the hose is Q — 1 gal/min. Determine 
the pressure needed at point (1) and the diam- 
eter, D, of the device. For the diameter deter- 
mined above, plot the ratio of insecticide flowrate 
to water flowrate as a function of water flowrate, 
О, for 0.1 < О = 1 gal/min. Can this device 
be used to provide a reasonablv constant ratio of 


FIGURE Р3.7/ 


insecticide to water regardless of the water flow- e tv 
rate? Explain. 


4e + +Z, = ak +22, where ^7, V,=0 (0) | (0) 
g,-0, 2,=O0.5ft, and = و‎ with % J 


al /231 fj? : -s fP 
Q,= 0.02 21 (728 Er Ciz) = 446 x10" 9 
as 


3 
ЖОСУН ~S 
4 12. 


Нелсе, 
p= ~2 +p - #2, =- 2 (196 EG. з)? (62.445 )(o.st)= -1310 b, 


Now assume pf and neglect the kinetic eneroy of the insecticide 
compared to that of the water af (I). That is, 


2 
hia +2 = #2 + MN tZ; , where Z,~2; , у= $ , and V,- 5; (1) 


29 
T US, ае th 


/ 731 Jy ff? 
2 1728 gol (528) = 2.23x]0 ^f we have 


y = 2:230 pg 

i oi 

~ 13/0 ү? (40.92)? # 
= = 54, 

62.412 — 2(32.2 E) © 2(32.2) ° к= 


Thus, "Zp ^V-0 or 


j3£P 44 
-[2$ ze m n TEE = Z/9x10 > f] = 0.0863 in. 


= 408 ff so that Eg. (D gives 


With this diameter delermine % with o.1<Q<1 2% 


(con't) 
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(сол'ї) 


From Ед, (1): 
p tie = еқ? or wilh у= 5 and 4-2 


Ep. ow slugs) م‎ ! — EEK 
р, = 20 | AP 73 =4(194 2B) Q HES [en 
or 
f= -2.62x106 Q? 1h 3 where Q^ + (2) 


Also, trom Ед. (0) with 9,7 
or f= -4e%- #2, 


Js 


ГА Ф i TE = 8.15xi0* Q} В , with QV 
4772. fl) 
Thus, 


or 
Ao -&#*#*/°°"@Ё- 31.2 Æ , where yn Т P 


Combine £qs. (2) and (3) to give 
2.62x10°Q? = & # x10" QU $352 


or 2 Ji 
(2) SAONE – "8+0 ero (Qe 1. 
@ Q* á s: 
Thus, 


= 
P- 0.0202 i-L where q- Ë i 


Plot Eo. (и) from: Q = 0.1 gal = 2, 23x19 E to Q- 29] =2.23х102 P 
Note: & =O when Q= (119х107 )% =3,45 xig * ЇР 
With @ 2.3.9 5x0 68 , £9. (€) gives the square root of а negative 
number — not physically possible. With Q-3."sxfo * Eg, (2) gives 
f£, 77852 Из, he minimem needed to draw the insecticide up the 


0.5 foot elevation lo point (2) 
H ЕЕ 


0.0 


1 


ТШЕ 
ШЕШН 


4 
-4 


om T 
x 
SER 
у = Saneas 
to БЕ 
x erases: rz 
SERERE 
Ez EHE 
3 
зв em 


l 
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3.72 If viscous effects are neglected and the tank is large, de- 
termine the flowrate from the tank shown in Fig. P3.72 


FIGURE P3.72 
where = + Lh = fh 
Z,-0.7m , Z,=0,and V, =o 


2. | 
@= (0.050 т) 2(1912)( 0.81 (2m) +0.7m) = 0.0132. 4" 


3,73 Water flows steadily downward in the pipe shown in Fig. 
3.73 with negligible losses. Determine the flowrate. 


HM FIGURE P3.73 


From the a equation, d 

ндъ = ба, * Ve where Z, -Z172 
ay 

Bet 

AV, *AV., or Z C. 2m)V, = Z (1m) № 

0^ 

ү = 0,6910 


Also, from the manometers 


f. = X^ and f Guh * Vh, , where б = 0.70 
Thos 
UR 4 (07h, +.) -d, 


pct = р, -0.3h, 22m - 0,3 (1.5m) = 155m 
Now, from Eq. (1), 
3Xx-z,5d y. x. 
| Г 23 | 
which, when combined wrth Eqs. (2) and (3), gives: 


2m =lssmt - (0.59%) ) 


4 
2(0.81m/s*) i 


77, E m т? 
Q = А, А = zlim) (4.13 =) = 3,24 > 


3.74 


0.5 in. Hg vacuum 
0.6-in. 
diameter 


UA E 


FIGURE P3.74 


3.74% Air at 80 °F and 14.7 psia flows into the tank shown 
in Fig. P3.74. Determine the flowrate in ft3/s, 16/5, апа slugs/s. (1) © 
Assume incompressible flow. 2 


4 iE em = EHE az where z, =¥? ‚#0, Y=0 
Thus, 
PPE PP 
where p= M ЗСТ ЭИ -2.28X/ АР 
(mei m) Pa +во)°Ё 


Hence, with £ = Sh = ood r) (e ft) =-25.3 4 
aa ty cas] 176 Ё. 


2.28x/¢ З 51095 
i 


Thus, 
0= 2,6 = + (5 f) Jm) = ose fE 


m = @@ = (2.2вх/® E ) (0.34417) = z99x/6 ۶ уз 
gm = (32. 2 Hf £ ) (7.89x/0 7 = 0.0254 э. 


3-72 


3,75 Water flows from a large tank as shown in Fig. Р3.7.5,А!- 
mospheric pressure is 14.5 psia and the vapor pressure is 1.60 
psia. If viscous effects are neglected, at what height, h, will cav- 
itation begin? To avoid cavitation, should the value of D, be in- 
creased or decreased? To avoid cavitation, should the value of 
Р, be increased or decreased? Explain. 


FIGURE P3.75 


where f =/4.5 psia sf = 1.60 psa, 
Z,-h,2Z,-0,and %=0 


(1) 


However, à 


AM =Ж% or V,=(52) Vs 


with fA" fe. and =0 


Combine Eqs. (1) and (2) to obtain 


26 2) 


lb in? 

i. 555 — 160) ( ]4- f 
h 73 a w= + ib аи tH). 1.98 H (3) 
(5) -1] вн (22) -1] 


From Eg.(3) il ís seen that h increases in increasing D, 
and decreasing Da, Thus, to avoid cavitation (с. to have 
h small enough) D, should be increased and D, decreased. 
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3,76 


1 in. 


lO? gal min e - 4 
3.76 Water flows into the sink shown in Fig. P3.76 and Video HER mN ИНИ; T 37510 4 in. diameter 


V5.1 at a rate of 2 gal/min. If the drain is closed, the water will 
eventually flow through the overflow drain holes rather than over 


holes 


the edge of the sink. How many 0.4-in.-diameter drain holes are - f 
needed to ensure that the water does not overflow the sink? Neglect Stopper 


viscous effects. 


FIGURE 3.76 


f+ Me +2, = 21 wae део V =0, and 2279, р =0 


Thus, 
д or Va= 2و2‎ = ]2) 22.2) (422 p] -2,54 
Also, 


О = пА, = пс а; y , where п = number of holes required, 
d, -0.* in., and С = contraction coef. 
= 0. 6l (see Fig. 3.19) 


Thus, D. 


3 (4 min /23tin. \/ |+ y _ -3 ff^ 
Q=2 2 29 7605. Lm ) (231: Tgal Jus 1728 in? a) = Д: 2 


E "ET 4 (4.46 110" НУ) M. 
Wl. da ү, а 7(0.6&!)( 57) fl? (2.54tt/c) = 20 
Thos, # Aoles are needed. 
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3.77 What pressure, р,, is needed to produce a flowrate of 
0.09 ft?/s from the tank shown in Fig. P3.77? 


Where 7% = fi +h, 0р, =O 
Zo TRAN, Z34-0 
and V, =0 


where @=4,\% da 


Fad 


2 
pm -ғ,)- Bh eda. y lb [S25 3.642] 


232.3 E) 
(2.011) 


- 42.5 ds 
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3.78 Water is siphoned from the tank shown in Fig. P3.78.De- 
termine the flowrate from the tank and the pressures at points 
(1), (2), and (3) if viscous effects are negligible. 


BFIGURE P3.78 


From the Bernoulli equation, 


2 
рр +2, = ut Ze + Zu, where p= fy 0, 0 > = 5H 


Thus and Fy =0 
bz, =z phi, or 4 = J2 1 Z, /e = |242, = /2(32.2)(5#) = 17.942 


Hence, | 
Q = AV, = Flot) (2291) = 0,141 ЖР 


Bos ^ f + oV «rz, = fy +e git" + 2, which with 6:20 £470 Z -8H 
and V= Vy (since A, = Др) becomes | 
f 5-2, = - (42.4 EP) (8H) = — 499-4, 


For р,: f +d oy tyz = fu + Oy +2, which with %=@, 2470 2,25 
and 7 7 (since A;=Ay) becomes 
po = #3 = - (424 8AP) (ЕН) = — 312 ЫИ" 


For f, : Since 2,= Z3 and Va- V it follows that 
f. “3 = ~ 3/2 Д? 
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3.79 Water is siphoned from a large tank and discharges into 
the atmosphere through a 2-in.-diameter tube as shown in Fig. 
P3.79. The end of the tube is 3 ft below the tank bottom, and vis- 
cous effects are negligible. (a) Determine the volume flowrate 
from the tank. (b) Determine the maximum height, Н, over 
which the water can be siphoned without cavitation occurring. 
Atmospheric pressure is 14.7 psia, and the water vapor pressure 
is 0.26 psia. 


2-in. diameter 


(a) From the Bernoulli equation, 


fir tira = “Arie +7», where p, “4,” 20 and V, =0 


Thus, 
ol 4. $5 

m Za) = ү(2)(32.52ЁЙ)(7!+34{ =27,eH 
fua 


Q = А, ү = ЁТ. )(27.#Ё fja ogo 


(b) From the Bernoulli genu, 


и 
Cts +2. = fe + Ve $^, Where V = since QA. =AaVs 


\ and А =й; 
Thus, with Z, “2, = H+H 43H =H D 


f^ +% (Z,- 22) = Р, 


where f = /4.7psta and f, = = 0.26 05/4 
Hence, 


(62. 66) (уча = Saa ift 


E 
or 
А = 21.3 Ft 


3.80 Determine the manometer reading, h, for the flow shown f | 


in Fig. P3.80 


0.37 m 


еа pi > Free 


fem ee > jet 


— a 


diameter (7 


0.05 m diameter 
FIGURE P3.80 


2 a 
Д (dz _ te ب‎ iz, where Ze. y Jj =0, and 
V2 = 0 


Р = Раг 
However, f= 0h and @2= 0 (0.37m) 


so tha 
д = 0.37 т 
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3.81 Air flows steadily through the variable area pipe shown in 
Fig. P3.81. Determine the flowrate if viscous and compressibility 
effects are negligible. 


From the Bernoulli equation 


y? 
(1) pc FZ, = PAL. +22 where Ж, =Z, and У, =0 
an 


(2) Q=A,V, 
Also, from the manometer 
(3) f +. ; d, "f E bain (^ +h) 
Bot Т, >> Yair co that Еа, (з) becomes 


f2 15 f uL h, or ie = =f! + + Sis h 
r ба 
Hence, sa Н (D): T 


£s gn 
air 2g = fi af 


Te m P 2. 80x10 A 
2 2(08 = 4002 
и) od : IE E 12,0 | И" ) 


Thus, from Eq. (2) 
3 
Q = 2(02т) (40.0%) = 1262 


BFIGURE P3.81 
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3.82 JP-4 fuel (SG = 0.77) flows through the Venturi meter 
shown in Fig. P3.82 with a velocity of 15 ft/s in the 6-in. pipe. If 
viscous effects are negligible, determine the elevation, A, of the 
fuel in the open tube connected to the throat of the Venturi meter. 


V = 15 ft/s 
BFIGURE P382 


s HET 
29 
As Sion 


y As y = (2 22) = (£4 ask) 233.75 f 
Thus, with e = E Eq. (1) becomes 


ys 
TERI + Z2 where Z,=0 22-7 Ft, (1) 
and A= 15 ft% 


Pha. (33.75 £) р 15 Я)? rep 


Ў 2.(32 2.2.1) 
or 


P. = – 7,53 f1 
Bul fi--h so that h= 753 1 


2 (32.2 $) 


3.83 Repeat Problem 3.82 if the flowing fluid is water rather than 
JP-4 fuel. 


Note from the solution to Problem 3.82. that the 
value of XY fs not needed. Thus, h = 753 ft for 
either water or JP-4 fuel. 
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FIGURE P3.84 


3.84 Oil flows through the system shown in 
Fig. P3.8* with negligible losses. Determine the 
flowrate. 


where 2, =0, 22 = 51, and 
И =0 


zd where p, +L =,+th,+h,h 
or 
Lee = + 4# h 
wiih p.) =5 -h 


Thus, the manometer eguation gives 


p = < ft (1) (2 
Combine Eqs. (1) апа (2), using z= SH, fo obtain 


L «(5-8 = -1); 


[7 2 (32.24 #25- /)(o.8 f1) = 2.9 ¥ 


Thus, 
Q= 4, V, =(20intx A) (oor) = 139 ft 


EX 


3.85 Water, considered an inviscid, incompressible fluid, 
flows steadily as shown in Fig. Р3.@5 Determine hA. 
Q=4 ft/s ( 

Water 


0.5 ft diameter ài l| 1 ft déarneter 
3 


m FIGURE P3.85 


p, + +200 = р, + Tz dp 


where 2,79, 242311, V70, ала (== sn 
Thus, d 
$ 
fit z (1,97 SE) (5.09 i? ے‎ = p +62. ae, (3 ft) 
or : 
f fh = 142 k, (1) 


But from the manometer, 


fi -Y(A43fl) + ¥(h+£) = р, 


E- ~ 62,4 ر“‎ b, b (3H) +62.4 ne h = 
елсе, 
f, = fh +187 - 62.4h which when combined with £p, (/] gives 


Pat I - 82.44 -pp =/42 
or 


h= 0.4001 
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3.86 Determine the flowrate through the submerged orifice 
shown in Fig. P3.86 if the contraction coefficient is C, = 0.63. 


FIGURE P3.86 


where /, =0, yz, Z,=4¢¢4, 
Z,-0,4nd £2 =2 tt 


i^ 
PE 2+ za) 


p =//.34 Ë 
so that 


2 3 
Q =A V, = G Aa И = (0.63) F Ge I) (1.34 Ё) = 0351 £ 
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3.87  Aninexpensive timer istobe made from 
a funnel as indicated in Fig. P3.87 The funnel is 
filled to the top with water and the plug is re- 
moved at time / = 0 to allow the water to run 
out. Marks are to be placed on the wall of the 
funnel indicating the time in 15-s intervals, from 
0 to 3 min (at which time the funnel becomes 
empty). If the funnel outlet has a diameter of d 
= 0.1 in., draw to scale the funnel with the timing 
marks for funnels with angles of 0 — 30, 45, and Plug 

60*. Repeat the problem if the diameter is FIGURE P3.87 
aetna: to 0.05 in. 


а) ЕГ ШИБЕ 


iis 729,850, A 
2, = ر0‎ and V = - dh <<, 


if R >> g 
Thus, MA 
И = Po which when combined with AV, =A% gives 
-4, = %{2#һ or -7R 22 = Z4 29h (i) 


where R =h tan@ 
з, Eg. (1) becomes – р? лө dh = Ё i27 


ИСЕ = ا‎ TI dt which can be integrated from h=ho 


4 lan*0 бер ac 
З/д d’ Yg. و‎ 1544 ар 
f th - EB Үш о ПЕ] -- ЖИ, 
[s] 
Tho, ш (2) 
/ 2 
h = = == legt Since А =0 when £= 3mm 
22.28) ш follows that, = /808 
2 V2 (32.2) (180 
h^ - C M occae Кышка which when combined 
8 lan'O 2% with Ж. (2) gives 
2y2 (32.215) (i80) y^ 
5d 
h = 8 ara (i Jia) 


h = /5.2 [ty Hd Tis 5) "uire h^ ft , d~tt and tes 


For Ё =0, 15 30 ..., /805 calevlate h from Ёд. (3) with 

0 = 30,45 and 60° and d= 0.1 and 0.057. The calculated data 
for d = 0.05 in. апа 8=30de9. are shown in the tabije below. 
Other data are graphed. (con't) 
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01 
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01 
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i. ЕБ 


#2. STE 
+2.841E 
+27 IGE 
t2- 621E 
2.501E 
*2.387T0E 
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+ 


sh 


RT 
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© 
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ЕЕН 
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панаа пана 
|| 


шша 
a> 
ч. 


М 


LLNLTTTTT IM T 
II NIE TIT 
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3.88 A long water trough of triangular cross 
section is formed from two planks as is shown in 
Fig. P3.88 A gap of 0.1 in. remains at the junc- 
tion of the two planks. If the water depth initially 
was 2 ft, how long a time does it take for the 
water depth to reduce to 1 ft.? 


teed +e, = 27 mde +2, 
where £4 =0, р, =0 , 2,=h,and ғ2=0 

Also VA, * А, 2 since #>>д it ac 
follows tat V, -- V, , where V=- 9 d 
Thus, Egli) gives 


= 22h so that 
-А, = Ayl2gh wilh A= bL=2bh and Ay= bw 
where b is the tank length. 
Thos, 


-244 = bw [zo] 


or 
Jh dh = - „үЁ dt which can be integrated to give 
һе! 


*3.89 А spherical tank of diameter D has a 
drain hole of diameter d at its bottom. A vent at 
the top of the tank maintains atmospheric pres- 
sure within the tank. The flow is quasisteady and 
inviscid and the tank is full of water initially. De- 
termine the water depth as a function of time, 
h = A(t), and plot graphs of A(t) for tank diam- 
eters of 1, 3, 10, and 20 ft if d = 1 in. 


y 0. Vo 


Же. e dd Аа 
hens A70, 0,2, = -h, 2,-0 and |f =- 40 «« V, if rd 
Thus, 
ү, =ү2 gh which when combined with ДИ = Hala gives 


-А,% =A, 22h or -m r . 4°] (1) 


where p? = م‎ 2.0} -A - 
wilh R-4 D. =radivs of tank h-R ee 


2 
Thos, r=] Е so thal Eg (/) becomes 


UV (ic uE T: - [232 


3$.2g T m d LAZ 422 Ju which can be tegrated from 
(s 45) T the initial time and depth (t=0, 
h=2R) toan arbitrary time and 
h t depth (th) as 


(ғ -2я0%)а = PP il dt 


O 


2f 
` (h (ory) - «дн (ву) = Pg і 
Use d= rx tt and 27322 2 and plot bh for 
values of R = 0.5, 2.5, 5, and /0 ff 
Note: It is easier to solve Ey. (2) as t=th) rather 
than h=h(t) 
Note: The time taken to empty the tank, ba, is obtained trom 


Eg.(2) with h=0 аз 
64 R ® 


(con't) 


Results of an EXCEL Program to calculate h(t) from Eqn. (2): 


B= tt 
ts 
0.00 
0.09 
035 
0.77 
1.34 
2.05 
2.89 
3.84 
4.91 
6.06 
7.30 
8.60 
9.94 
14581 
12.69 
14.06 
15.37 
16.61 
178772. 
18.62 
19.14 


h, ft 
1.000 
0.950 
0.900 
0.850 
0.800 
0.750 
0.700 
0.650 
0.600 
0.550 
0.500 
0.450 
0.400 
0.350 
0.300 
0.250 
0.200 
0.150 
0.100 
0.050 
0.000 


D-5ft 
ts 


1041 
1070 


h, ft 
5.000 
4.750 
4.500 
4.250 
4.000 
3.750 
3.500 
3.250 
3.000 
2.750 
2.500 
2.250 
2.000 
1.750 
1.500 
1.250 
1.000 
0.750 
0.500 
0.250 
0.000 


D = 10 ft 
ts 


h, ft 
10.00 
9.50 
9.00 
8.50 
8.00 
7:50 
7.00 
6.50 
6.00 
5.50 
5.00 
4.50 
4.00 
3:60 
3.00 
2:50 
2.00 
1.50 
1.00 
0.50 
0.00 


See nex] page for graphs of above results. 
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O- мо т О) чо о 


(con't) 


1.0 
0.9 
0.8 - 


Water Depth vs Time 


D=1 ft 


O07 
0.6 - 
0.5 
0.4 


h, ft 


0.3 


h, ft 
E» > & NN ю owe EAO cO 


Water Depth vs Time 
D-5ft 


0 


uu Us C uL M 


ater Depth vs Time 
D = 10 ft 


h, ft 


0 


2000 


ts m 


4000 


6000 


20 
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16 
14 


200 400 600 


ts 


800 1000 1200 


Water Depth vs Time 
D = 20 ft 


0 


10000 20000 


ts 


30000 40000 


3.90 When the drain plug is pulled, water flows from a hole in the 
bottom of a large, open cylindrical tank. Show that if viscous ef- 
fects are negligible and if the flow is assumed to be quasisteady, 
then it takes 3.41 times longer to empty the entire tank than it does 
to empty the first half of the tank. Explain why this is so. 


Q=AV -2d*V =A C3 


where 
Ws 285 and hi, nk = 4D 
Thus 


gî <C 


or 
h 2 
үр = tg (4) 4H 
Integrate from h=H al 1-0 fo halt: 


4 a 
ET 
0” h 2 
2 [f ы -Yaz (1) { 
H 


or 2 
4 =a (2) [IT -Ү | 
This fo empty the tank 
x fes (Y qur 
i to halt empty the tank, 


Al jeg (a) [0 - Г] - = (DF m [1-2 
7 "T 
E -BOW ˆ ONUS 
Jh. gg mle) al 29 
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*3. 0| The surface area, A, of the pond shown 
in Fig. P3. 4| varies with the water depth, й, as 
shown in the table. At time t = Оа valve is opened 
and the pond is allowed to drain through a pipe 
of diameter D. If viscous effects are negligible 
and quasisteady conditions are assumed, plot the 
water depth as a function of time from when the 
valve is opened (t — 0) until the pond is drained 
for pipe diameters of D — 0.5, 1.0, 1.5, 2.0, 2.5, 
and 3.0 ft. Assume hk = 18 ftat: = 0. 


FIGURE P3.9! 


KEE AES SAE SS SE SEP S SS эө ТЫШЛ: ЛЫС TE DE A‏ ا 


h (ft) A [acres (1 acre = 43,560 ft? )] 
0 0 
2 0.3 
4 0.5 
6 0.8 
8 0.9 
10 1.1 
12 ( 
14 1.8 
16 2:4 
18 2.8 


£L Y ug, аг +22 where 470, 0, = 0, Z=h, Z4 »-3H 
ала у= эү 
Thus, V, AE 29(h +3) which when combined with AV, =A: V, 


gives 


-A, 4 = 2 Tp 2207 3 where A, =A,(h) as given. 


та can be rearranged , and integrated le give 


(Ape т" сиб d = - p “24 t =- [22.2 f 


I8 fi xi 
or d ; 
f. E Арт , where tvs, A~, and hr tt 0 


Note: It is easier to determine tasa fonction of h rather 


than has a fonction of 1 


-2 


Note: t~ р 
(con't) 
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(con't) 


An EXCEL Program using a trapezoidal integration approzimation was used to calculate the results 


shown below. 
D=05ff Dz10ft 0=1.5# D-20ft D=25ff D-30ft 
h, ft А, acres А, ft? tes ts Ls ts 5 t.5 
18 2.8 121968 0 0 0 0 0 0 
16 2.4 104544 32181 8045 3576 2011 1287 894 
14 18 78408 59530 14882 6614 3721 2381 1654 
12 1:5 65340 82354 20589 9150 5147 3294 2288 
10 ДЕЛ 47916 101536 25384 11282 6346 4061 2820 
8 0.9 39204 117506 29377 13056 7344 4700 3264 
6 0.8 34848 132412 33103 14712 8276 5296 3678 
4 0.5 21780 145035 36259 16115 9065 5801 4029 
2 0.3 13068 153988 38497 17110 9624 6160 4277 
0 0 0 157704 39426 17523 9857 6308 4381 


The graph for D = 1 ftis shown below. The shape of the curve is the same for any D. 


Water Depth vs Time 
for D = 1 ft 
20 
18 «4 e 
16 | М 
14 - 
12 
= 10 
8 
6 
4 
2 
0 
0 10,000 20,000 30000 40000 
t,s 
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3.92 Water flows through a horizontal branching pipe as shown in 
Fig. P3.92. Determine the pressure at section (3). 


— V, 
P2 = 350 kPa 
(2) Аз = 0.02 т? 
E (1) 
V, = 4 m/s 
pi = 400 kPa 
A, = 0.1 m? 


Ш FIGURE P3.92 


Q = 9 +0 or Ve = m ae where Q, = =A, V A 


= 042° 
» b 
Also ф= А, where 4+; +z itag Ра 
т} with Z,= 22 
US, 
400k Pa (uy Pe . Vr ^ 
7.80 KY 20.01% 9.60 AX 2091.) z) 
or 
V, = 10.708% 
© 
La 02m’ (10.782) 
Я т 
2. 
Then from pL, We Tz, en + Za with عر‎ = Z3 
we obtain | " kN 
2 BY x : m e 2 
Pa = f£ +zg (V -Vg ) = оок taaz" ен 
ог 


0, =(#00 +4.54) kb, = 409.5 kPa 


Е 13 A2 = 0.07 tt? 
a i 


p2 = 5.0 psi 


3.43 Water flows through the horizontal branching pipe shown 
in Fig. P3.93 at а rate of 10 ft/s. If viscous effects are negligi 


ble, determine the water speed at section (2), the pressure at sec 
tion (3), and the flowrate at section (4). 


(2) 


A3 = 0.2 ft? 
V3 = 20 ft/s 
ج‎ 

Ay =1 
Q; =10#2/5 
ру = 10 psi 


(4) 


m FIGURE P3.23 


From (1) to (2): £u tz, = бъ E iz, where Z- =з, (f, "ops, 


fa = S pst, and V,» 9 о 
ү o £t 2 f 
Thus, with ¥= ИТ =(101 E/H) = jof 


о) in: ) S igi т, А f 


From (1) 08): Bt «o +2, t AES where Z, =2 {, = 10psi, 
Thus, V «10! and Y, = 208 
(онн), (og _ _ @ 


= (20 Ё)? 
62.4 № 2 (32.2 ££) 62.4 E? 


2(2.2H) 


ar Ib | 
Ўз = 1150 via = 799 ps! 
Also, = 
Quy = 03-0, - 0 = Q, = fb V, - Aa V 
or 


Qy = jot - 0.07" (29.04) -о2 [20 £1) = [Р 


S E == 


3-44 


3.99 | 


3.97% Water flows from a large tank through 
a large pipe that splits into two smaller pipes as 
shown in Fig. P3,24 If viscous effects are negli- 
gible, determine the flowrate from the tank and 
the pressure at point (1). 


FIGURE P3.94 


"dn where Q= 0,520, 
and ا‎ 


= ү24 (2-4) = 42(28/)(7- 9)m = 7. 
Similar 
ү, = = 29 (25-24) = {2 @.ә/ 2. 01) (7т) = 742 
Q = 0, + 0, zl [А HED и" 


= Shang) 
= 7/0 x0 4- 


2. 
"] +e +z, where 2,20 and 
? = = EA 
Z (0,05 т)? 


LZ И 1] 2,- ze] = 9.80۸0 D, Ec E]. 


or 
0 = 57,0 КА, 


3795 


3.45 Ап air cushion vehicle is supported by 
forcing air into the chamber created by a skirt 
around the periphery of the vehicle as shown in 
Fig. P3.4.5 The air escapes through the 3-in. 
clearance between the lower end of the skirt and 
the ground (or water). Assume the vehicle weighs 
10,000 Ib and is essentially rectangular in shape, 
30 by 65 ft. The volume of the chamber is large 
enough so that the kinetic energy of the air within 
the chamber is negligible. Determine the flow- 
rate, Q, needed to support the vehicle. If the 


To support the load р, =Y 
0 


Also, 
hod s S 
fe. 1 +20 = E did 
So thai — 


= | or v= 


с? 


CAP 


ground clearance were reduced to 2 in.. what 
flowrate would be needed? If the vehicle weight 
were reduced to 5000 Ib and the ground clearance 
maintained at 3 in., what flowrate would be 
needed? 


M. эм 


Vehicle 
Skirt 5 СЗ c 
"Y y » (0) А | (2) 


FIGURE P3.3.5 
where W= vehicle weight 


and A (3of1)(6sf1) = I 950° 


3 in. 


where 52-0, Vg -0, and 2,722 


With h= ground clearance it follows that 


Q = A, V, = Zh(L*b)V, 
Thus, 
Q = 2h(sst +зон)] 


or 


where L-765fl and b= 30ft 


2W 
ТЕТ No SETS Slug Y 
(/ ?5vfP)(2.38x/0 3 4) 


Q-/2«zh Ww д where h^fl and W~ lb 
Thes, if h = Ê ft and W=/9.000 b | then Q= 3 204 


if h = fl and W=/0,000l , then Q 
and ФЬ = 7 and М=5 00010, then Q= 


3 


AP 
5 


— 
= 


2 080 


р? 
2 200 эт 
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3.96 Water flows from the pipe shown in Fig. 
P3.96 as a free jet and strikes a circular flat plate. 
The flow geometry shown is axisymmetrical. De- 
termine the flowrate and the manometer reading, 
H. 


FIGURE P3.96 


£L + 2) = Bile ez, 


a where р, 0, fı =0, 2, =0, and 2,=0.2m 


РД 


Thus, 
Mele +2. wh = = 
ap = 24 +22 where AV - AV =Q 


-4 
or y = у = ZU hy 8 eb = 4 (0.Im)(^ xI0 т) И 244. 


Jat (0.01m)* 


Hence, Eq. (1) gives 


(40V, = V^ +2(#81%)(0.2») or V, = 1592 
So that , 
Q = AV = 7 (Ol m)(4X10 р) (1.590) = 2.00x10 * 2 


Also, 
Arh 17, = i+, where V, =0, Z, = =0.2m,V= =/.60 V, 
or V = во (1.5 IF) = 2.542 and p= 


(2.545 zy 


= ~~~ - 0.2m = 0,129 
^  2(98/4) UM 
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pe = 0.15 انم‎ 

Disk E 
3.97 Air flows from a hole of diameter 0.03 m in a flat plate as 
shown in Fig. Р3.47. A circular disk of diameter D is placed а 
distance ^ from the lower plate. The pressure in the tank is 
maintained at I kPa. Determine the flowrate as a function of h if 
viscous effects and elevation changes are assumed negligible 
and the flow exits radially from the circumference of the circu- 
lar disk with uniform velocity. 


FIGURE P347 
(4 
where Po = HE. $279, 472%, 
and = 0 
falek) 


= 40,3 2 
1.23 A; E 


so that 


Q =A, V, = TD, b V, = 7 (0.15) h (403-2) 


Or 


Q = /7.0h d where h~m 
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3.98 


3.98 А conical plug is used to regulate the air 
flow from the pipe shown in Fig. P3.98 . The air 
leaves the edge of the cone with a uniform thick- 
ness of 0.02 m. If viscous effects are negligible Q = 0.50 mis \ 0.23 x 
and the flowrate is 0.50 m?/s, determine the pres- 
sure within the pipe. 


Pipe 


2 2 
Dou ag = А. M, 


е “27 2g where Z,-Z5 and f2=0 
Also, 
ose " m 
v * ` £(0,23m)* ones 
and m3 
Te o ре БЕ 0.5 2 s dant 
2 А 2mRh 27(0,2т)(о.о2т) 7 11 S 


Thus, i : ^ 
p -Xe(W-W)e-Z (1-23 B)(I9.9°- 12.07) $a = /55 ha 
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3.99 Water flows steadily from a nozzle into a large tank as shown 
in Fig. P3.99. The water then flows from the tank as a jet of diame- 
ter d. Determine the value of d if the water levelin the tank remains 
constant. Viscous effects are negligible. 


From the Bernoulli equation, vier wor чо mee 
y: , Us NHFIGURE P3.99 

f: tag +7, = f + 22 

Also, 

EHA and AM =, 


122, where zu. and /% =0 


zh V, so that 
2 ONO Py, _ 
ү, = -(®. si - = (QUOT Уу V, = oet Ve 
Thus, Ж Eqs. (1) and (2) 


_ (еє-\?) „ (1-(0. нун) )V. 
2 (32.2 Н”) 


so that | 
бм, = (олон (174) = o. o7 £ 
Also 


QF Q where Û; =Å; Vs and V. керас z|/2(32.27 P Ys - -|ft) 


= 11.35 Ë 
Hence, 


Z 4? (11.35 8) 20.1407 Ë 
or 
d= 0.126 fl 
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3.100 A small card is placed on top of a spool as shown in 
Fig. P3.100. It is not possible to blow the card off the spool by 
blowing air through the hole in the center of the spool. The 
harder one blows, the harder the card *'sticks'' to the spool. In 
fact, by blowing hard enough it is possible to keep the card 
against the spool with the spool turned upside down. (Note: It 
may be necessary to use a thumb tack to prevent the card from 
sliding from the spool.) Explain this phenomenon. 


з FIGURE P3,100 


As the air flows radially ovlward in the gap between the card and 
the spool il slows down since the flow area increases with r, the 
radial distance from the center. That is, 


Q=27rh V or У = —— (see the figure), = exit = (1) 
r ran 
ү 


Tf viscous effects are not important, h Es 
then E T TES 7 
ж L it Vexä А 
4 = constant «US + | 1 
or Since fex; =O (a free jet n | 


follows that " 7 | 
2 2. 
@ = +o (Vexi ES ^ where Írom £g. (/) ДЕ? а ETIN [ч | 
But мд >F so that 0<0. There is а Vacuum within the gap. 


The card is sucked against the spool. The harder one blows through 
the spool larger 0), the larger The vacwm, and the harder the card is 
held against the spool. 
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3.101 Water flows down the sloping ramp 
shown in Fig. P3.104 with negligible viscous ef- 
fects. The flow is uniform at sections (1) and (2). 
For the conditions givenshowthatthree solutions 
for the downstream depth, /;, are obtained bv 
use of the Bernoulli and continuity equations. à 
However, show that only two of these solutions FIGURE РЗ.101 
are realistic. Determine these values. 


[257 


У = 10 fs |hi- 1$ 


2 


ome + 
Е; 
and 2,=h 

Also, AM =. V, Yo 
3 „Му Ио) _ lo 

27 hz b h2 
Thus, Ea.) becomes 

(108) и 
z(228) +3ft = 261) E 
or А 

64,4), = 293h, +100 = 0 


Ву using а root finding program the three roots to this cubic 
equation are found to be: 


р, = 0.630 fi 
h,= вї 
or 
h,* anegative root Clearly it is not possible (physically) 
lo have h<0 Thus, Ё, = 0.6304 or 
h, = 448 fl 
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3.102 Water flows in a rectangular channel that is 2.0 m wide as 
shown in Fig. P3.02. The upstream depth is 70 mm. The water 
surface rises 40) mm as it passes over a portion where the chan- 


nel bottom rises 10 mm. It viscous effects are negligible, what is 
the flowrate? 


FIGURE P3.102 


Where 4,70, £,-0, z, 0.070, (Й 
and z,-(0.0l*040)m = О,//т 


Also , AM - AV 


or 


: ЕЛ Е 0.07? = 
М don Vj = 07И 


Thos, £g. (1) becomes 


[1-0,7°]М*=2(%.81 &) ( 0.11 - 0.07)m or Y= 244# 
Hence, 


S 


3 
Q-A V,» (o.07m)(2.0m) (1.242) = 0, 174 2 
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*3.103 


P3.103 with negligible viscous losses. The up- 


Water flows up the ramp shown in Fig. 


stream depth and velocity are maintained at Л, hy = 0.3 т 


= 0.3 m and V, 


downstream depth, h», as a function of the ramp 


height, Н, for 0 x Н < 2 m. Note that for each 
value of H there are three solutions. not all of " 
which are realistic. FIGURE P3.103 


4 + Wea, = Br Ke 
Also, Ak =A, Vy SO that 


m 
№ = 4 у = = = (3 where h,~m 


Thos, Eq. (I) becomes 


and 2, = Atha 


3 +0.3 = Ga US) + or with И = ae 


(вту. quo ii m е ле yn; 
which can be written as: 
h} - (2435 -H)h; +0145! =0 


For O<H<2m solve Ед (2) for №, 


Rather than solving a cubic eqvation for ha (give H), оле 


can directly solve for H (given A, ). From £9. (2): 
l2. 43861] ~<a, 


hy 


H 


2 
+2, where 70, f2=0, Р, = 0.3m, 


А graph of Eq, (2) or (4) is given on the following page. 


(con't) 


3 -104 


c у, 


= 6 m/s. Plot a graph of the (1) 
5 1 Vq26ms-—Bm 7 4 
: 58 


(1) 


(2) 


(3) 


(соп Ч) 


The results of an EXCEL Program to calculate Н for given values of h; are shown below. 


ha, т Н, т 

0.3 0.001 Water Depth vs Elevation Change 
0.4 0.703 

0.5 0.975 

0.6 1.076 

0.7 1.098 

0.8 1.077 

0.9 1.031 

1.0 0.970 

Jn 0.899 

12 0.820 

(88 0.737 

1.4 0.651 

1:5 0.562 

1.6 0.471 E 
1.7 0.378 E 
1.8 0.284 

1.9 0.189 

2.0 0.094 

2 -0.002 

لے 


For Н 21,098 m there are no real, positive roots of Eg. (2). 
Thatis, for the given upstream conditions (V, =6 Æ and h,= 0.3m) 
we must have H< 1.098 т. It would not be possible lo have 
the flow go up a ramp of greater height than this wilhovt 
increasing esther V, and/or h. The two possible water depths 
for a given H are plotted above. 
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3.105 A Venturi meter with a minimum diameter of 3 in. is to be 
used to measure the flowrate of water through a 4-in.-diameter 
pipe. Determine the pressure difference indicated by the pressure 
gage attached to the flow meter if the flowrate is 0.5 ft/s and vis- 
cous effects are negligible. 


D, =3in, 
D, = 4» 


=A 2 (f) - fs) h a EE oua uM 
da к=к qui quce gs 


Thus, since №, /A = (D /)), 


Be 2 3 2.) 
0,5 2 ШҮ —— SU Sn 
a dig j (1,94 ST | — (3in. 4i Y | 


TOE gg p (ME) I 66.8 t 


gt 


3-/06 


p2 = 550 kPa 


3.106 Determine the flowrate through the Venturi meter shown 
in Fig. P3.106 if ideal conditions exist. 


FIGURE P3.106 


where =, = 2, and AV, = 2,1, 


or 


(735 -sso)kPa" 
2(#8/$%) (2, Æ) 
ا‎ SECUN aso i c ا‎ = 


| — /? mm Г 


3/ mm 


Q =A, V. = FD? И = (онт) (21.5 €) = 6.10010 27 
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3.107 For what flowrate through the Venturi meter of Prob. 
3.]06will cavitation begin if p, = 275 kPa gage, atmospheric 


pressure is 101 kPa (abs), and the vapor pressure is 3.6 kPa EL 
(abs)? 


у = 91 kN/m3 7 


where >= , p =3.6 АМ 
and A =(275+/0/)k Pa (abs) 
Thus, with A, у = A, V = 376 kPalabs) 


or 


D 
y = (22) Ep) becomes 
| (376-3.6 )kPa 


2(18152) 9.1 kin 3 


/9 mm \* 
| > 3/mm 


Thus, 


" Р 3 
Q A.M = FOU = F (оо т) (306 8) = 8 68x0 E 
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Qu Or 

3.108 What diameter orifice hole, d, is needed if under ideal 

conditions the flowrate through the orifice meter of Fig. P3.108is į | 

to be 30 gal/min of seawater with p, — р, = 2.37 Ib/in? The J, 2-in. 
contraction coefficient is assumed to be 0.63. үл eter 


FIGURE P3.108 


TENA Aa © We 4) 
tur E, CY apt where Z,*Z; , С. = 0.63, 


With and р- #0, =2.37 psi 


n 231 in: 
Q -(so #&\( on (i 2) =0,066a E and = 64.015 
il follows that РЬ 
V = Q 0.0668 =- 
І 


e rwr РР 
H AE 
Thus, Eo E 


- "n н) 2,37 X144 гы 
у? + و2‎ te =4/(3.062 ) +2(32. 2H eger. 
A 18.8 # 


Thus, since 


Q= А, ү, - G T 4 y, il follows that 


23412 

BE IL AE. 0.0668 $ 

= me ا‎ к= 0,0847 ff = 1, i 
d aa 7G b f | 77 (0.23)(18,8 +) EUM oe. 
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| А gi: 
3.109 Water flows over a weir plate (see Video V10.13)which 1 EHS 


| 
WO AER EN 
has a parabolic opening as shown in Fig. РЗ,/09, That is, the | #1 2r- | 
p pening р ^а h 


opening in the weir plate has a width СА, where C is a con- 4^ — 
stant. Determine the functional dependence of the flowrate on A 
the head, О = Q(H). 2=0 


Q= fu dA where u is a function of h. 
That is, from 4 d + = Де + ® +2. with e -H-z Mu 
4 fe 20 (‘Sree jet’) 
and 2,=H-h 


or 2 ur 
(H-2,) E 12,20 + zg + (H-h) 
Thus, 
{= zgh * w* x [24% if V is “small” 
Also 
dA =C Vz dz (ie. dNz0dz for #0, 4#=СЇЙ for 224) so that 


Q= (Rg lh clz d2 where h-H-2. 
2 <0 H 
Thus, Q= ciag [Viz dZ where 
H А z-H 
[Vids еа +( Наана] 
0 


z=0 


which reduces to: 

Q= Bg H? That is Q~H? 
Alternatively, Q= VA where the average yelocity is proportional 
to VA (i.e. Vo [2207 ) and the total flow area is proportional 

to НЕ (де. A~ Hx (СНК) = CH), Thus 

Q^ Vag (СН) = ср Н” 


That is, Q^ HŽ as oblained above. 
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3.110 A weir (see Video V10.13)of trapezoidal cross section 
is used to measure the flowrate in a channel as shown in Fig. 


P3.110 If the flowrate is О, when Н = €/2, what flowrate is ex- 
pected when Н = €? 


FIGURE P3.110 
Q-AV where il is expecled that Vis a function of the head „Ж. 
That is, V^ 1227 


Also, from the geometry A=3xH(LtL,) where L7 £324 Tap 30 
Thus, A= #(L + H tan 30°) so that 


Q =C, [24 (2+ H tan 30°) ^ where C, is a constant 
Let Q, = flowrate when H= £ 
and Qg = flowrate when Н=2 
Thus, J 3, 
Qo . G29 (2+ 2 tan30°) (£) _ (1+ tanso) d 
%, сүз 1 Г, lan 30°) (1) * £ (1+ lan 30°) (27%) SHARES 


or 


Q,- 3-45 Q, 


Sui 


3.1! The flowrate їп a water channel issome- 
times determined by use of a device called a Ven- 
turi flume. As shown in Fig. P3.141, this.device 
consists simply of a hump оп the bottom of the 
channel. If the water surface dips a distance of 
0.07 m for the conditions shown, what is the 
flowrate per width of the channel? Assume 
the velocity is uniform and viscous effects are 


negligible. 
fie Mog, ed 
Also, AV = Az Vs. 


са 12m V 
Me 4 ` (1.2-0.07-0.2)m 
Thos, (nl £e (1): 

AES 
29 


Hence, 


И 
$E 2-242 
1 29 2 


FIGURE P3.11l 


А (1) 
with pg, ji, 2,=/27, 


and 2, = А2 р = 0.070) = /. (9 


= 429 V, 


or 01.29) -1] V^ = 209812) (1.2-1.13)m 
ог V 2,973842 


2. 
g= h, V, =(. 438 3) (1.2m) = /.73 Z 


32 


3.412 Water flows under the inclined sluice gate shown in 
Fig. P3.12 Determine the flowrate if the gate is 8 ft wide. 


"a 
1.6 ft 

i 
P3.12 


where p, =0, 2 0, Z = 617, 
and 2: = [ft 


2 
EE 
Bot AM * AV. , or 
hr AV = EM =6 
Hence, Eq. (I) becomes 


21/2 
Ин = ULM Lag 
22 


d 
or н 
[6°-1]0°2 = 2(22.2#)(6-)# о у =3,03 £ 


Hence, | 
Q =A, Y = 6f (8 ft) (3.03 В) = jus fE 
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3.1/3 | ШИИБИНЕ 


| @=0л-т 
3.113 Water flows in a vertical pipe of 0.15-m 

diameter at a rate of 0.2 m?/s and a pressure of 

200 kPa at an elevation of 25 m. Determine the 

velocity head and pressure head at elevations of 


: Z,-55m · | (2) 
20 апа 55 m. 
ч وه‎ 0=0.15т 
TANG 
ddr с каре md 
4 Z =25т | «| (1) 
200kPa 
At point (О): id 2, = 20 | • | (0) 
СРУ 
аана ВЕ > m 
29 2801% vin 
an a 2 
eo , Ve zd, ME o = #1 = 
y E 9 +2 y * 24 +Z or = y +2, 2, 
Е: 200 5% 
а _ л? = - 
я "A80 + (25-20)т = 25.4 m 
m 


Similarly at point (2): 
Ve. 4 
2g 2g = 6,5/т 


and 2 
Be irn ean, or B= 8 +3 -2 
kN 
"A 200 ma 
= + (25-S5)m = – 9,59 
у 980k ( )m cua 4 


Зе 


Зы 


3.144% Draw the energy line and the hydraulic grade line for the 
flow shown in Problem 3, 


BFIGUAE P3.78 


For inviscid flow with no pumps or turbines, the energy line ts horizontal 
al the elevation of the free surface of the tank. The hydravlic grade 
line is one velocity head, V724, below the energy line. Since 

Vy = [28 (Zo-724) it follows that the hydravlic grade ling is 

Wag = (®,- 24) = 5 Tt below the free surface atthe exit of 

the pipe. Also since the pipe is a constant diameter, thé velocity 

is constant throvght the pipe. Hence, the hydravlic grade line is 
horizontal, 5} below the tree surface. Mote that since the 

pipe is above the hydravlic grade line, the pressure throuyhovt 

the pipe is less than ad nes pherrc. 


Energy line 


2 


Me 
13 


Hydravlic _ 
grade line 


S «ns 


3.115 Draw the energy line and the hydraulic grade line for the 
flow of Problem 3.7.5 


FIGURE P3.75 


For inviscid flow with no pumps or turbines, the energy line 


is horizontal a distance 4 above the outlet . From Froblem 3.75 
we obtain h =1.79 A. 


2 
The hydravlic grade line is 3 below the energy line, starting 
at the free surface v n =0 and ending at the pipe anil 
where 30,-0 and 2 24 h. Al point (1) the puros head 


is gu = (2.88-/45) 2 (Fa oem) 624 lis = - 26.8 f 
and ғ, =O. 


2 
In the i pipe Vy = Aa И m) Vy so Ма! 
WW бе И, zs | 
r CR) зг (E) h (F) timo -0.12 н 
The corresponding EL and HGL are drawn to scale below. 


pipe centerline? | 


! 
! 
| 
ji 
! 
! 
і 


Hydraulic Grade —> 
Line (HGL) ' 


! 
І 
! 
' 
! 
| 
' 
! 
! 
! 
! 
! 
1 
! 
l 
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3.116 Draw the energy line and hydraulic grade line for the flow 
shown in Problem 3.64. 


B FIGURE P3.67 


For steady, inviscid flow with no pumps or turbines the energy line 

js horizontal, a distance of if = Lait ift #5, 3! fl above the 

outlet. (See solution to problem 3.64 for values of h, f^, Vo, and f, V.) 

The hydraulic grade line is one velocity head, V 72g, below the energy 

lino. 

Thus, with W/2970, Ла = (41.78) /(2 (32.2 By) = 27.00 
and (Д7) =(18,5 ËF (2 (22.2 £ y) 25,31 ft 


the following EL and HGL are objained: 


Energ у Line (EL) 


P Hydraulic Grade Line (HGL) 


| 
fs 2i 


Note: Fe = А / (62.5 №) = 23.4 
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3.118 Pressure Distribution between Two Circular Plates 


Objective: According to the Bernoulli equation, a change in velocity can cause a change 
in pressure. Also, for an incompressible flow, a change in flow area causes a change in ve- 
locity. The purpose of this experiment is to determine the pressure distribution caused by air 
flowing radially outward in the gap between two closely spaced flat plates as shown in 
Fig. P3.1I8. 


Equipment: Air supply with a flow meter; two circular flat plates with static pressure 
taps at various radial locations from the center of the plates; spacers to maintain a gap of 
height b between the plates; manometer; barometer; thermometer. 


Experimental Procedure: Measure the radius, R, of the plates and the gap width, b, 
between them. Adjust the air supply to provide the desired, constant flowrate, Q, through the 
inlet pipe and the gap between the flat plates. Attach the manometer to the static pressure 
tap located a radial distance r from the center of the plates and record the manometer read- 
ing, А. Repeat the pressure measurements (for the same Q) at different radial locations. Record 
the barometer reading, H,,,,, in inches of mercury and the air temperature, T, so that the air 
density can be calculated by use of the perfect gas law. 


Calculations: Use the manometer readings to obtain the experimentally determined pres- 
sure distribution, p = p(r), within the gap. That is, p = —y,,h, where Ym is the specific 
weight of the manometer fluid. Also use the Bernoulli equation (p/y + V?/2g = constant) 
and the continuity equation (AV = constant, where A = 2zrrb) to determine the theoretical 
pressure distribution within the gap between the plates. Note that the flow at the edge of the 
plates (г = R) is a free jet (р = 0). Also note that an increase in г causes an increase in A, 
a decrease in V, and an increase in p. 


Graph: Plot the experimentally measured pressure head, р/у, in feet of air as ordinates 
and radial location, r, as abscissas. 


Results: On the same graph, plot the theoretical pressure head distribution as a function 
of radial location. 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Circular plates 


le Ш FIGURE P3.118 


( conl) 
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| 3.118 | (cont) 


Solution for Problem 3.118 Pressure Distribuition between Two Circular Plates 


Q, ft^3/s R, in. 


0.879 


5.0 


h, in. 
-9.05 
-6.02 
-2.02 
-0.96 
-0.48 
-0.24 
-0.13 
-0.03 
-0.01 
0.00 


р = Patm/RT where 
Рат = Yng Пат = 847 Ib/ft^3*(29.09/12ft) = 2053 Ib/ft^2 


К = 1716 ft Ib/slug deg R 
T = 83 + 460 = 543 degR 


b, in. Ham, in. Hg T,degF 
0.125 29.09 83 


Experiment 
p/y, ft 
-663.75 
-441.52 
-148.15 
-70.41 
-35.20 
-17.60 
-9.53 
-2.20 
-0.73 
0.00 


Үн2о, Ib/ft^3 


Theory 
V, ft/s 
220.8 
161.2 
107.4 
80.6 
645 
53.7 
46.0 
40.3 
35.8 
322 


Thus, p = 0.00220 slug/ft^3 and y = p*g = 0.00220*32.2 = 0.0709 Ib/ft^3 


D/y = Yuao*h/ 


V = Q/(21trb) = 0.879 ft^s/(2*3.1415*(0.125/12)ft"r) 


62.4 


р/ү, ft 
-740.7 
-387.2 
-163.1 
-84.7 
-48.4 
-28.7 
-16.8 
-9.1 
-3.8 
0.0 


ply, ft 


Problem 3.118 


Pressure Head, p/y, vs Radial Position, r 


-200 


-400 


-600 


-800 


> Experimental | 
—— Theoretical 


3.119 Calibration of a Nozzle Flow Meter 


Objective: As shown in Section 3.6.3 of the text, the volumetric flowrate, Q, of a given 
fluid through a nozzle flow meter is proportional to the square root of the pressure drop 
across the meter. Thus, О = КА!?, where К is the meter calibration constant and A is the 
manometer reading that measures the pressure drop across the meter (see Fig. P3.119). The 
purpose of this experiment is to determine the value of K for a given nozzle flow meter. 


Equipment: Pipe with a nozzle flow meter; variable speed fan; exit nozzle to produce a 
uniform jet of air; Pitot static tube; manometers; barometer; thermometer. 


Experimental Procedure: Adjust the fan speed control to give the desired flowrate, Q. 
Record the flow meter manometer reading, А, and the Pitot tube manometer reading, H. Re- 
peat the measurements for various fan settings (i.e., flowrates). Record the nozzle exit di- 
ameter, d. Record the barometer reading, Hm, in inches of mercury and the air temperature, 
T, so that the air density can be calculated from the perfect gal law. 


Calculations: For each fan setting determnine the flowrate, О = VA, wherc V and A are 
the air velocity at the exit and the nozzle exit area, respectively. The velocity, V, can be de- 
termined by using the Bernoulli equation and the Pitot tube manometer data, H (see Equa- 
tion 3.16). 


Graph: Plot flowrate, Q, as ordinates and flow meter manometer reading, h, as abscissas 
on a log-log graph. Draw the best-fit straight line with a slope of 4 through the data. 


Results: Use your data to determine the calibration constant, K, in the flow meter equa- 
tion О = KA, 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Flow meter Pitot tube 
maometer | manometer 


Pitot static 
tube 


Ky di Exit area = A 


Nozzle flow Exit : zaë 
meter ДШ ® FIGURE P3.11q 


(cont) 
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Solution for Problem 3.114: Calibration of a Nozzle Flow Meter 


d, in. Ham, in. Hg T, deg F 


1.169 29.01 75, 
h, in. H, in. Ap, lb/ft^2 V, №5 Q, ft^3/s 
11.6 5.6 29.1 162 1.20 
JR 5.4 28.1 159 1.18 
10.7 5.2 27.0 156 1.16 
10.1 4.9 25:5 151 119 
9.6 4.7 24.4 148 1.10 
8.8 4.3 22.4 142 1.06 
7.9 9.9 20.3 135 1.00 
742 3.6 18.7 130 0.97 
6.1 3.1 16.1 120 0.90 
5.4 27 14.0 112 0.84 
45 2.3 12.0 104 0.77 
3.8 2.0 10.4 97 0.72 
2.9 1.5 7.8 84 0.62 
2] de 5.7 72 0.53 
1.0 0.6 3.1 53 0.39 


р = Pam/ RT where 
Рат = YHg Hai, = 847 Ib/ft^3*(29.01/12 ft) = 2048 Ib/ft^2 


R = 1716 ft Ib/slug deg К 
T = 75 + 460 = 535 deg К 
Thus, р = 0.00223 slug/ft^3 
М = (2*Ар/р)'? 
О = AV where 
А = nd^/4 = 1*(1.169/12 ft)^2/4 = 7.45E-3 ft^2 


From the graph, Q = Kh”? = 0.358 h'? where О is in ft/s and h is in in. 


Thus, К = 0.358 ft°/(s*in.") 


(con?) 
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Problem 3.114 
Flow Rate, Q, vs Manometer Reading, h 


@ Experimental 


The best fit equation 
with a slope of 0.5 is 
О = 0.3585? 9 
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3120 Pressure Distribution in a Two-Dimensional Channel 


Objective: According to the Bernoulli equation, a change in velocity can cause a change 
in pressure. Also, for an incompressible flow, a change in flow area causes a change in ve- 
locity. The purpose of this experiment is to determine the pressure distribution caused by air 
flowing within a two-dimensional, variable area channel as shown in Fig. P3.120. 


Equipment: Air supply with a flow meter; two-dimensional channel with one curved side 
and one flat side; static pressure taps at various locations along both walls of the channel; 
ruler; manometer; barometer; thermorneter. 


Experimental Procedure: Measure the constant width, b, of the channel and the chan- 
nel height, y, as a function of distance, x, along the channel. Adjust the air supply to provide 
the desired, constant flowrate, Q, through the channel. Attach the manometer to the static 
pressure tap located a distance, x, from the origin and record the manometer reading, ^. Re- 
peat the pressure measurements (for the same Q) at various locations on both the flat and 
the curved sides of the channel. Record the barometer reading, Ham, in inches of mercury 
and the air temperature, 7, so that the air density can be calculated by use of the perfect gas 
law. 


Calculations: | Usethe manometerreadings, h, to calculate the pressure within the channel, 
р = Ymh, where yp, is the specific weight of the manometer fluid. Convert this pressure into 
the pressure head, p/y, where y = gp is the specific weight of air. Also use the Bernoulli 
equation (p/y + V?/2g = constant) and the continuity equation (AV = Q, where A = yb) 
to determine the theoretical pressure distribution within the channel. Note that the air leaves 
the end of the channel (x = L) as a free jet (p = 0). 


Graph: Plot the experimentally determined pressure head, р/у, as ordinates and the dis- 
tance along the channel, x, as abscissas. There will be two curves—one for the curved side 
of the channel and another for the flat side. 


Results: On the same graph, plot the theoretical pressure distribution within the channel. 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Static pressure taps 


@ FIGURE P3.120 
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3.120 | (cont) 


Solution for Problem 3.120: Pressure Distribution in a Two-Dimensional Channel 


b, in. 
2.0 


0.75 
2.50 
4.00 
4.63 
5.38 
8.14 
10.75 
13.25 
15.78 
21:79 


р = Pam/RT where 


ply = ynzo*h/y 


Theoretical: 


40 


ply, ft 


Q, f^3/s Ham, in. Hg  T,degF L, in. 
32 28.96 71 21.75 
Experimental Theory 
y, in. h, in. йт p/y, ft p/y, ft p/y, ft 
flat side curved side flat side curved side 
2.00 0.28 0.31 20.2 22.3 0.0 
2.00 0.21 0.37 15.1 26.6 0.0 
1.28 -0.42 0.03 -30.2 2.3 -50.5 
1.05 -0.77 -1.63 -55.5 -117.4 -92.2 
1.05 -1.01 -1.05 -72.7 -75.6 -92.2 
1.29 -0.63 -0.62 -45,4 -44.7 -49.2 
1.54 -0.32 -0.31 -23.0 -22.3 -24.1 
NTT -0.15 -0.15 -10.8 -10.8 -9.7 
2.00 -0.05 0.00 -3.6 0.0 0.0 
2.00 0.00 0.00 0.0 0.0 0.0 
"Рат = Yng'Hatm = 847 Ib/ft^3*(28.96/12 ft) = 2044 Ip/ft^2 
R = 1716 ft Ib/slug deg R 
Т= 71 + 460 = 531 deg R 
Thus, p = 0.00224 slug/ft^3 and y = p*g = 0.00224 slug/ft^3*(32.2 ft/s^2) = 0.0722 Ib/ft^3 
p/y = Vexi/2g - V?/2g where 
V = Q/A = Q/(b*y) and 
Мех, = Q/Aex = (1.32 ft^3/s/)*(2 *2 /144 ft^2) = 47.5 ft/s 
Problem 3.120 
Pressure Head, р/ү, vs Distance, x 
-u 
сы Е ك‎ 
\ 
ے‎ т -a 
\ а 
\ ч NS | 
7 — 
і 
ә 
A - 
ra -— 
ly ——4%—— Experimental, flat side | 
н — ¥ — Experimental, curved side | — 
— — Theoretical | 
[x e ed | 
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3.121 Sluice Gate Flowrate 


Objective: The flowrate of water under a sluice gate as shown in Fig. P3.12( is a func- 
tion of the water depths upstream and downstream of the gate. The purpose of this experi- 
ment is to compare the theoretical flowrate with the experimentally determined flowrate. 


Equipment: Flow channel with pump and control valve to provide the desired flowrate 
in the channel; sluice gate; point gage to measure water depth; float; stop watch. 


Experimental Procedure: Adjust the vertical position of the sluice gate so that the 
bottom of the gate is the desired distance, a, above the channel bottom. Measure the width, 
b, of the channel (which is equal to the width of the gate). Turn on the pump and adjust the 
control valve to produce the desired water depth upstream of the sluice gate. Insert a float 
into the water upstream of the gate and measure the water velocity, V,, by recording the time, 
t, it takes the float to travel a distance L. That is, V, = L/t. Use a point gage to measure the 
water depth, zı, upstream of the gate. Adjust the control valve to produce various water depths 
upstream of the gate and repeat the measurements. 


Calculations: For each water depth used, determine the flowrate, Q, under the sluice gate 
by using the continuity equation О = A,V, = bz, V,. Use the Bernoulli and continuity equa- 
tions to determine the theoretical flowrate under the sluice gate (see Equation 3.21). For these 
calculations assume that the water depth downstream of the gate, 22, remains at 61% of the 
distance between the channel bottom and the bottom of the gate. That is, z} = 0.6la. 


Graph: Plot the experimentally determined flowrate, Q, as ordinates and the water depth, 
zı, upstream of the gate as abscissas. 


Results: On the same graph, plot the theoretical flowrate as a function of water depth up- 
stream of the gate. 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


8 FIGURE P3.12 
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Solution for problem 3.121: Sluice Gate Flowrate 


а, in. b, in. L, ft 
1:2 6.0 4.0 
Experimental 
Za i ts М, ftis ӘЧ, ft^3/s 
0.183 4.2 0.952 0.087 
0.267 5.0 0.800 0.107 
0.343 52 0.769 0.132 
0.453 6.2 0.645 0.146 
0.569 6.4 0.625 0.178 
0.725 7.0 0.571 0.207 
0.877 86 0.465 0.204 
Experimental: 
М, = Ш 
Q = V4bz, 
Theoretical: 
О = b'z, (2*9) ^*((z425) - 1(1 =) ۴ 
where 
z = 0.61*a 
| Problem 3.121 


Flow Rate, О, vs Depth, 2, 


1.00 


Z2, ft 
0.061 


Theoretical 
Q, ft^3/s 
0.091 
0.114 
0.132 
0.155 
0.175 
0.200 
0.222 


* Experimental | 
enea | 


0.01 


4.4 The x- and y-components of a velocity field are given by 
и = —(V,/€) xand v = —(V)/€) y, where Vo and € are constants. 
Make a sketch of the velocity field in the first quadrant 
(x > 0, y > 0) by drawing arrows representing the fluid velocity 
at representative locations. 


и = -(/I)k and W *-Cu/Dly so that 
V ara? = (0 DESTET =U IIR 
Thus, with г = ¥x*+y* = radial distance from the origin, 
V= (0/4) ғ 
Нерсе, V= V, onr =; V=2V onr 725 Vez, ог 7, ete. 
Also, the direction of the thid motion relative to the Х axis is 
Ё = arctan (W/u) or 


lan 0 - с -(у» у У 


_ 
e 


-(% /) X x , 
Thus, on the X axis (у=0) Tan8 7 Q or Ө - 0! or 180° (180 for x70) 


and onthe y axis (х =0), tap Ве or Ө = 90° or 270 (270 for y >°) 

The velocity field looks as shown below. In the [*aygdratid, both 
x >0 and y>0 so that both 
U <0 andy <0. 


4.5 A two-dimensional velocity field is given by w = 1 + y and 
v = 1. Determine the equation of the streamline that passes 
through the origin. On a graph, plot this streamline. 


u=lty and W =1 so the streamlines are given by 
| 


— ص 
LI‏ 


у 


((14y) dy = (dx or 
ytzy* =X+C_ where C is a constant, 


For the streamline that goes through xzy=0, С=О. 
Hence, 


X = Ау 


This streamline is plotted below, Note {hal since w =| 20, the 


direction of flow is as shown. 


4.6 The velocity field of a flow is given by V= 
(52 — 3)i + (х + 4)) + 4yk ft/s, where x, y, and г are in feet. 


Determine the fluid speed at the origin (x = y = z = 0) and on 
the x axis (y = z = 0). 


ше GE -2 praxis, rey 


Thus, at the origin И= -3, = 4, W =0 
so that 


V= fu tart ш = f(-3)*+4% = SIS 


Similarly, on the X axis u= c x x Ar 
so that 


V= и ғар аш = ү(-3)®+(х+#* = [x^ 8х +25 HA where x~ fl 


47 А flow can be visualized by plotting the velocity 
field as velocity vectors at representative locations in the 
flow as shown in Video V4.2. and Fig. Е4,1. Consider the 
velocity field given in polar coordinates by v, = —10/r 
and va = 10/r. This flow approximates a fluid swirling into 
a sink as shown in Fig. P4.7 Plot the velocity field at 


locations given by r = 1, 2, and 3 with 0 = 0, 30, 60, and 
90 deg. 


With 1 =-10/r and hi sno dias 
V= yng? * n^ = a + (10/r)* = ы 


The angle X between the radial direction and 
the velocity vector is given by 

_ We, m _ 
tan K = sae S =/ 
Thus, X= #5° for any ғ, 6 


(С.е. the velocity vector is alway oriented #5° relative to radial lines) 
3 


Ө =60 
Note: V is 

independent 
of 8. 


V-7.07 аїг=2. 


Ө =0 
V=/4./4 аїг= | V=47/atr=3 
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4.8 Тһе velocity | field of a flow is given by What is the angle between the velocity vector and 
V =20\/(х? + y)" – 20x/(x? + y! Oe RS, the x axis at points (x, у) = (5, 0). (5. 5), and 
where x and v are in feet. Determine the fluid (0, 5)? 

speed at points along the x axis; along the y axis. 


ы 20у б е 20х 
(х2 + y2)% j (х? + yn y)" 


Thus, V -4u**v* 


400x“ +#00 
ps са = эз нюша]? = 202 for any х,у 


20у 
(x? +y?) 


Thus, for (х,у) =(,0) 
1an O = -оо or 0 = -90° 


for (х,у) = (5,5) 
fan 0 = -1 or Ө= - 45? 


for (X,y) = (0,5) 
lan 0 = О or 0-0 


4.9 The components of a velocity field are given by u = x + y, 
v = xy? + 16, and w = 0. Determine the location of any stag- 
nation points (V — O) in the flow field. 


Vellu** eh +ur* = (| +у) +(ху?+в)* <0 


or 

Uu? X4y70 so that Key 

and 

A = Xy +16 =0 so that Xy =-/6 


Hence, (-y)y =-/6 or y=2 
Therefore, V=0 at Х=-2,у=2 
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410 The x and y components of velocity for 
a two-dimensional flow are u = бу ft/s and v = 
3 ft/s. where y is in feet. Determine the equation 
for the streamlines and sketch representative 
Streamlines in the upper half plane. 


@= бу ,y=3 where streamlines are obtained from 


dy P + - d or 2 уау = dy which can be integrated to give 


y =x +С , where C is а constant. 


Representative streamlines corresponding to different values of 
Care shown below. 


-6 -5 -4 -3 -2 =] 0 П 2 3 4 5 


Note that for y>0 , и>о (¢.e, the flow is from left to right ) 


4.11 Show that the streamlines for a flow whose | 
velocity components are u = c(x? — у?) and u = | 
—2cxy, where c is a constant, are given by the 
equation x*y — y*/3 = constant. At which point 
(points) is the flow parallel to the y axis? At which 
point (points) is the fluid stationary? 


U=C(x*-y*) , у=-2сху 
Streamlines given by y=f(x) are such that 2 Ti 
Consider the function x*y- 4 = со: (1) 
Note: H is not easy to write this explicitly as у=Ё№) 
However, we can differentiate Eg, (I) to give 

2xydx *x/dy = y dy =0 ‚ог 

(x*-y*)dy *2xy dx =0 
Thus, the lines in the x-y plane given by Eg.) have a slope 


ie dy | -2сх 
2L de ERU or lor any constant б, p E ET 


3 —— 
ѓе. the function X*y =¥ =const. represents the streamlines 
of the given flow. 


The flow is parallel to the x-axis when A <o Ero. 
This occurs when either K=O or у=0 


zy. 
= U 


, 2, the X-axis or 
the y-axis 


The flow is parallel to the y-axis when 20. со 
This Occurs when X = &* у 


7 


The fluid has zero velocity at x=y =0 
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4.12A velocity field is given by V = xi + x(x — 1)(у + 1)j, 
where u and v are in ft/s and x and y are in feet. Plot the stream- 
line that passes through x = 0 and y = 0. Compare this stream- 
line with the streakline through the origin. 


uU-X,v-X(x-D(y*) where the streamlines are obtained 
from 

dy _ у _ x(x-D(ys) _ p. 

fup A = (ууун) 


y G45 = (0-0) dx which when integrated gives 


In (yt) =4x*-X+C : where C is a constant (4) 


For the streamline that passes throogh the origin X= y<0 the 
valve of Cis found fromEg.l as 
001) =C , or С=0 TO 


Thus, In(ytü =%х2-х or y=e J 


This streamline is plotted below. 


T 


Note: The streamline is symmetrical about its low point 
of X=/, у= - 0.393, At x=y =0 the velocity is О. 


For Х<0, u«0 and for X>0, u>0. Thus the fhid 
flows from the origin (x=y=0), 


Since the flow is steady, streaklines are the same as streamlines. 
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4.13 From times = Oto! = 5 hr radioactive The following wind conditions are expected: 
steam is released from a nuclear power plant ac- У = 10î — Sj mph for 0 <1 <3 hr, V = 
cident located at x = —1 mile and у = 3 miles. 151 + 8j mph for 3 < t < 10 hr, and V = 


51 mph for £ > 10 hr. Draw to scale the expected 
streakline of the steam for ¢ = 3, 10, and 15 hr. 


For O<t<3hr , U = JO mph and у= - 5 mph 
For 3«t «J0hr , u=15 mph and v= 8 mph 
For t>/0hr , И = 5 mph and V =0 


The streakline is the location (at timet) of steam released 
earlier. 


a) At 1-3Àr steam is stil being released. From Ё=0 їо t<2hr 


i has traveled in the direction a =% =- A =-0.5 and the 


first of the steam is at x =-\mi+(lOmh) (Shr) = 29m 


d у= ii d S мл 
See figure below. and y= 3mit(-Smph)(shr)=-/2mr а T 


b) At t=S hr steam release stops. From t= 3hr to t= 5 hr the 


steams travels aX = U at «(ISmph)(5-3)hr =30mi “east” 
and ду = vat=(8mph)(S-3)hr = (6тг “north” 
See figure below, For £>5hr the streak line does not grow* 
(Ze., по more steamreleased ), il merely maintains its shape it 
had at £< Shr ae =y = it «fy = 0) and translates. From 
t= Shr јо t=/0hr il moves px = lat = (ismph)(I0-5)hr = 75 mi 
farther "easi" and Ay = vat =(8mph)(10-S)hr = #0 mi farther ‘north 
See figure below. 


c) For lo<t</she the steam moves AX = (5трћ)(15-/0)ђ = 25 mi east" 


and ay = Vat =O mi "north". 
The above is shown in the figure below. 


у,т 
streakline 60 РА (104,59) (129,59) 
al time Mein Ё =/Shr 
indicated (74, 43) (159, 44) 
4 (99, #3) (134,440) 


[96m , steam al t=5h 
~ ama = (s 

sc = 
Ld ~~, (59,4) 
-20 t 3hRZQ 40 40 бо ../00 20 HO 160 /до + 
(х,у) =(29,-/2) 


" 
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*4,|4- Consider a ball thrown with initial speed У, at an angle "esee » 

of Ө as shown in Fig. P4.1#a.As discussed in beginning physics, — o 11 У 1". V 

if friction is negligible the path that the ball takes is given by 0 0 Сш 78 

y = (tan6)x — [g/(2 V? cos? Ө)]х? 025 0.13 { E у" 
4 0.50 0.16 \ 

That is, y = сух + с;х?, where c, and c; are constants. The path 0.75 0.13 * 

is a parabola. The pathline for a stream of water leaving a small 1.0 0.00 \ 
' nozzle is shown іп Fig. P4.Mband Video V4/2.The coordinates 1.25 —0.20 

for this water stream are given in the following table. (а) Use 1.50 —0.53 

the given data to determine appropriate values for c, and c; in ETS —0.90 

the above equation and, thus, show that these water particles 2.00 — 1.43 


also follow a parabolic pathline. (b) Use your values of c, and "messen 
c; to determine the speed of the water, Vo, leaving the nozzle. 


B FIGURE P4.4 


An EXCEL Program was used їо plot the x-y data and 
to fit a second order curve lo the data. The results are shown below 


y vs x for Water Stream 


у = -8.4987х2 + 0.7115x 


| 


Thus, with y =X +C,x id follows that 
C,= 0.7/5 =tan@ or Ө = 35.4" 


and 
5 ет т stk 
2. 2. W^ cos Ө 
Or 
2 32,2 " dH 
ү, ` 28.7907) cos^(35.9*) 7 2.2026 


Thus V,= 1.69 ¥ 


4 15 


4.15 The x and y components of a velocity field are given 
by и = xy and v = —xy*. Determine the equation for the 
streamlines of this flow and compare with those in Example 


4.2. Is the flow in this problem the same as that in Example 
4.2? Explain. 


Streamlines are given by ДУ - Tu Eg eoo 
x 
or ду =- a which can be integrated as: 4 


E " = -| 5 " Thus, Iny =-Iny+€ , where € is а constant. 
T hus, Xy 7€ 
Mole: These streamlines are the same shape (same “flow pattern) 


as in Example 42 — but the velocity fields are different. 
However, the ratias 4 are the same : 


Vo xy и 
ъ=” Av E -Z for this problem 


Vv _ (Wf) (+) 
и (М) €x) 


{ог Example 4.2. 
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4.16 А flow in the x-y plane is given by the 
following velocity field: и = 3 and v = 6 m/s for 
0«1«20s;u = —4 and u = 0 m/s for 20 < 
t < 40 s. Dye is released at the origin (x = y = 
0) for t = 0. (a) Draw the pathline at £ = 30 s 
for two particles that were released from the or- 
igin—one released at г = 0 and the other released 
at ¢ = 20 s. (b) On the same graph draw the 
streamlines at times г = 10 s and / = 30 s. 


(a) For the particle released at 1*0 , u=34 and v=6% 
for O«t«20s . During this time the flow is steady and 
the pathline has a slope $f e + =-5-=2. Af 1-0 x-yco 
and al t=20 , Х =(32) (20s) =60m and y =(6#)(20s) = 120m 


For 20<# <зо : u=-#4Ẹ and у= О, So that the flow is steady 

and the pathline has a slope of 4 = О. The particle moves trom 

y-240m to x «60*(-442)(so-20).s =4+20m, buf keeps the 
=/20m location during 29-1 «30s, This pathline is shown 

in the figure below. 

For the particle released at the origin at Ё = 20s if follows 

that w=-4¥ and v=0. Thvs, the corresponding path line 

extends from X=0 lo X= (-¥#)(30-20)5 = ~40m а} {= 305, 

This pathline is shown in the figure below. 


(b) At t=/0s , streamlines are given by ду = = = 5 =2 


or у= 2X +С, , where С, = const. 
At t= 30s, hen i are given by dy = z =O 
or y= c, , where Cy = const. These ies are shown below. 


particle at=30s (released al t=0) 
pain line 


streamlines 
de d xad. ef 


streamlines 
at {=30s A. 


- 90 m 0 “0 х,т 
particle at t=30s (released at t= 205) 


tt} -|3 
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4.17 In addition to the customary horizontal 
velocity components of the air in the atmosphere 


(the ‘‘wind’’), there often are vertical air currents A / 

(thermals) caused by buoyant effects due to un- A 

even heating of the air as indicated in Fig. P4.17. / 

Assume that the velocity field in a certain region ار‎ 

is approximated by u = us, U = ug (1 — y/h) for 

0 < yJ < r, anda = uj, Û = O for y > A, Plot аа оаа 


the shape of the streamline that passes through 


FIGURE P4.17 
the origin for values of u,/va = 0.5, 1, and 2. 


U= Uo 5 VEG (i-+) for o<y<h so that streamlines 
for y<h are given by 


dy v. | } n EN MEA 


Thus, -h h(l ~) E p Note: The lower limits of integration 
( x=0, у =0) insure that this 
equation is for the streamline 
through the origin. 

This streamline 


x =-h (E) In(1- $) is plotted below. 


ylh vs x/h 


———u0N0 = 2 
— —ч0/у/0 = 1 
= = = u0NO = 0.5 


y/h 
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*4.18 ^ Repeat Problem 4.17 using the same in- 
formation except that и = uy/hforüsysh 
rather than и = uy. Use values of uj/u, = 0, 0.1, 
0.2, 0.4, 0.6, 0.8, and 1.0. 


‚к= (1-0) for o<y<h so that streamlines 
for y<h are given by 


yy = Br = 16 o) or with x=0 when y =0 


h ч 


[тк h-y) dy -f dx This inte grates to give 


-y -h Inth- ru la (h) = X or 3 AL 


This streamline is plotted below for O< Y <l, wilh 
ل‎ = 0,0.1,0.2.,0.4,0.6,0.8, and 1.0 The valves Were 
КЕ anc plotled vsing an EXCEL Program. 


Re 


y/h vs x/h 


«Жа 


4.19 As shown in Video V4.6 and Fig. P4./4, a flying airplane 
produces swirling flow near the end of its wings. In certain cir- 
cumstances this flow can be approximated by the velocity field 
и = —Ky/(x? + y?) and v = Kx/(x? + y’), where K is a con- 
stant depending on various parameter associated with the air- 
plane (i.e., its weight, speed) and x and y are measured from the 
center of the swirl. (a) Show that for this flow the velocity is 
inversely proportional to the distance from the origin. That is, 
V = K/(x? + y?)'?. (b) Show that the streamlines are circles. 


MFIGURE P4.4 


ГА 
Ку)“ (Kx) _ _K 
(а) V= үи? + a к= | ЮУ TATAK те - 


ог 
V= x. where r = x+y 
Kx 
dy wm. Oy _ x 
(b) Streamlines are given by PA ei = сагаа ب2‎ 
T hus, (x*« y?) 


уау = -хах which when integrated gives 


iy = PRSE where C, is a constant. 
or 


х?+ у? = Constant 


У 
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Particle x att = 05 (ft) x att = 0.002 s (ft) 


| —0.500 —0.480 
4.20 (See Fluids in the News article titled “Follow those parti- 2 —0.250 —0.232 
cles," Section 4.1.) Two photographs of four particles in aflow past 3 —0.140 —0.128 


a sphere are superposed as shown in Fig. P4.20. The time interval д —0.120 —0.112 
between the photos is At = 0.002 s. The locations of the particles, =n 
as determined from the photos, are shown in the table. (a) Deter- 

mine the fluid velocity for these particles. (b) Plot a graph to com- 


y, ft 
pare the results of part (a) with the theoretical velocity which is deis 002 s 
given by V = V,(1 + a’/x*), where a is the sphere radius and V, is 2 MS 
the fluid speed far from the sphere. = 2 - ae =) x, ft 


BFIGURE P4.20 


The fluid velocity (which fs assumed to be the same as the particle velocity) 
can be estimated by 


V = Ax /at 
Thos, for particle (1) : ү = [-0. “#0 ft -(-0.s00f4) | / (0.002) = 104/5 


During fo 0.002< time interval the average location of the particle was 
X= [(-0.4e0H) *(-0.500f0)] = -0.090 f] 
By similar calculations the following experimental геги were obtained: 


These experimental results and the 
theoretical results (у= V, (|+ а?а) where 
Vo = 10/5 and a = 0,19) are plotted in the 
figure below. 


М ft/s 


[——— theory IH————LH 2+ 


|__| W experiment - — 4 
| _ | і — 6 | 


-0.5 -0.4 -0.3 -0.2 -0.1 0 


[ #2! 


4.21 (See Fluids in the News article titled “Winds on Earth and 
Mars,” Section 4.1.4.) A 10-ft-diameter dust devil that rotates one 
revolution per second travels across the Martian surface (in the x- 
direction) with a speed of 5 ft/s. Plot the pathline etched on the sur- 
face by a fluid particle 10 ft from the center of the dust devil for 
time 0 = f = 3s. The particle position is given by the sum of that 
for a stationary swirl [x = 10 cos(271), у = 10 sin(2zrt)] and that 
for a uniform velocity (x = 5t, y = constant), where x and y are in 
feet and ¢ is in seconds. 


The palh line js given by 
X= [0 cos (274) + 51 


nd 
ye [0 sin (2371) , where x~ft, y~ft and t~s 
This path is plotted for Osiszs below. 


Particle Path 


1:25 t-395 
NC. 


| 


X, ft 
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4.22 The x- and y-components of a velocity field are given by 
и = (Vo/€) x and v = —(Vo/€) y, where Vo and € are constants. Plot 
the streamlines for this flow and determine the acceleration field. 


Since U = (W/I)x and tr * -(W/5)y, the streamlines are 
given by 

4 T ae -(W) = 

dT gy co = 

4 = - 4 which can be integrated to give 


(d =- (4 on Ілу = - Inx tconsian! 
y К 


Hence, the streamlines аге ху = constant 


y 
Typical streamlines (hyperbolas) “3 WS 
are sketched in the figure to the EU N 


right 


4 VG 


< U ,, 96 , لم‎ 
dx = y "PY IS 


= 0 1 7)x(4/0) +0 = (4 YX 
and "MS 
dy * p Hx у 

=0 +0 *(-OVy)- WA) =V AYY 
Thus, 


à =4, tayf = (ZI) [xt + yf] 


FA 
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4.23 А velocity field is given by u = cx? and 
v = cy’, where c is a constant. Determine the x 
and y components of the acceleration. At what 
point (points) in the flow field is the acceleration 


zero? 
ou д 
Ox =3F + *vjy = (ex")(20k) e 2 y^ 


г 
М 
T 

to 


e 
< 
в, 
< 
v 
< 
{ 
n 
№ 
0 
N 
C 


= (ey*)(z.c y) 


Thus, û = aî + ayj =0 at (х,у) - (0,0) 


NT 
4.2. Determine the acceleration field for a three-dimensional 
flow with velocity components и = ~x, v = 4x?y?, and 
м = =). 


U=-X A = xy, and ur = X-y so that 


dy = 50 + uir EVE EE 
Es + ene + 4x^y* (0) +(x -у)(0) = 


А 


“0 abate + (4x7?) (8x7y) +(x-y)(0) 
= i gia = gxty*(4x*y -1) 


wd og 
dz u wt Pw Se 
= ч + (-x)(D 4 (ux?y TUER 
= -х-#х?у*® 
Thvs, 


7] * д] *dyj ш D» 
ext + ey (4y (x+y) k 
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4.26 The velocity of air in the diverging pipe shown in Fig. Р4.26 
is given by V, = 4tft/s апа V, = 2tft/s, where t is in seconds. (a) 
Determine the local acceleration at points (1) and (2). (b) Is the av- 
erage convective acceleration between these two points negative, V, = At this m 
zero, or positive? Explain. جد‎ Ren 


b) convective acceleration along the pipe = U 4 
where U >O. At any Time, t, V, «V, . Thos between (I) and (2) 


u a <O or the average convective acceleration 


is negative. 


A-2I 


4.27 Water flows in a pipe so that its velocity 
triples every 20s. Att = O it has и = 5 ft/s. That 


is, V = и(г)і = 5 (3"*)i ft/s. Determine the 
accleration when t = 0, 10, and 20 s. 


since V-vV = О because V is nota 
a function of Mg M OF e. 
In(3) > 2 = 0.275 (3 ao E with t~s 
il follows that 


= 0.27508, al 1-0 


= 0.47678, al t=l0s 


a= 0.8287 ft al {=20ж 


4.28 When a valve is opened, the velocity of water in a 
certain pipe is given by и = 10(1 — e^"),v = 0, and w = 0, 
where и is in ft/s and / is in seconds. Determine the maximum 
velocity and maximum acceleration of the water. 


V= Ju* * v*«w* = Io(1—-67*) so that ФУ = 106 >o for all t 


Thus, V, = vl = 108 


uu ia 
Also, а d dd Dy = U кц É with 
= 0 " 
Thes, б” 22 = / є“ so that NEFAS = jot 


[zo 


0-00. 


4.24 The velocity of the water in the pipe 
shown in Fig. P4.29 is given by V, = 0.501 m/s 
and V, = 1.0t m/s, where / is in seconds. De- 
termine the local acceleration at points (1) and 
(2). Is the average convective acceleration be- 
tween these two points negative, zero, or posi- 


tive? Explain. FIGURE P4.2q 


Since V,>Vy it follows that 4¥ 70, Also, V>0 so that 


| | Mo. е 
the convective acceleration , Их , is positive. 


4-23 


4.30 A shock wave is a very thin layer (thickness = €) in a high- 
speed (supersonic) gas flow across which the flow properties 
(velocity, density, pressure, etc.) change from state (1) to state 
(2) as shown in Fig. P4.30. If V, = 1800 fps, У = 700 fps, and 
€ = 107* in., estimate the average deceleration of the gas as it 
flows across the shock wave. How many g’s deceleration does 
this represent? 


FIGURE P4.30 


— 


M aes 3h P» SB. 
Жык мй ыш so with V-u00f,ü- et = U jE f 


Without knowing the actual velocity distribution, u=utx), the 
acceleration can be approximated as 
— E „ TH) (V-V) (1800+ 700)fps (700 - 1800) fps 
айя еу oi 2 


or 
и f4 This 1 s - 1,65 x10" Th 
Ge SERENS г. PAD E TT M 


TRA 


4,32 


4.22 Asa valve is opened, water flows through 
the diffuser shown in Fig. P4.32 at an increasing 
flowrate so that the velocity along the centerline 
is given by V = ui = V,(1 — e?) (1 ~ x/l )i, 
where иг, c, and fare constants. Determine the 
acceleration as a function of x and г. If V, = 
10 ft/s and € = 5 ft, what value of c (other than 
с = 0) is needed to make the acceleration zero 
for any x at t = 1 s? Explain how the acceleration 


can be zero if the flowrate is increasing with time. 


d =2 +. With u= 


T(r Yi <a? , 


“бї 
ay = V, e 


If а, =0 for any x al t 


[co ad (jee yl 


=С 2 
ce -JE(I-e ©) =0 


——— M 
и = Voll - e-*! 


FIGURE P4.32 


u(x,t) , v =0, and w=0 


where и = І, (1-е )(1- 4) 


-c ê" + U-e J--7) 
a, - V - Pc 6-Yê (0-67) ] 


=1 < we must have 


0 With № =/0 and 4= 5 


The solution (root) of this equation 
je C= 0. 40 + 


For the above conditions the local acceleration ($ >0) Is 
precisely balanced by the convective deceleration ( us <0), 


The flowrate increases with time, but the fluid flows fo an 


area of lower velocity. 
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4.33 А fluid flows along the x axis with a velocity given by 
V = (x/t)i, where x is in feet and / in seconds. (a) Plot the 
speed for 0 € x = 10 ft and: = 3 s. (b) Plot the speed for x = 
7 ft and 2 < t = 4 s. (c) Determine the local and convective 
acceleration. (d) Show that the acceleration of any fluid particle 
in the flow is zero. (e) Explain physically how the velocity of 
a particle in this unsteady flow remains constant throughout its 
motion. 


(d) For any {fluid particle g- Vv 
which with v=0 , W=0 becomes 


au 
à f AJ 


(e) The particles flow into areas of higher velocity (see Fig-/), 
but at any given location the velocity is decreasing in time 
(see Frg-2). For the given velocity field the local and 
convective accelerations are equal and opposite, giving 
zero acceleration through ovt. 


| 


| 4.34 A hydraulic jump is a rather sudden change in depth of a 

| liquid layer as it flows in an open channel as shown in Fig. P4.34 
and Video V10.12. In a relatively short distance (thickness — 4) 
the liquid depth changes from z; to 22, with a corresponding change 
in velocity from V, to V}. If V, = 1.20 ft/s, V; = 0.30 ft/s, and 
€ = 0.02 ft, estimate the average deceleration of the liquid as it 
flows across the hydraulic jump. How many g’s deceleration does 
this represent? 


KB FIGURE P4.34 


x U > > А کے ہے‎ 4 d4 
ДЗ AVV so with V-7utut , Z-g t =й f 


Without knowing the actval velocity distribution , U = U(X) 
the acceleration can be approximated qs 


H 
0.30 ~ /.20 
= (1.20 +0,30) 9.30-1.20)5 


o. 02. 07 
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4.35 A fluid particle flowing along a stagnation streamline, as 


shown in Video V4.9 and Fig. P4.35, slows down as it approaches Stagnation point, s = O 


the stagnation point. Measurements of the dye flow in the video Fiuld particle 
indicate that the location of a particle starting on the stagnation y 
streamline a distance s — 0.6 ft upstream of the stagnation point Ku NM 


at t = 0 is given approximately by s = 0.6e~°*, where t is in 
seconds and s is in feet. (a) Determine the speed of a fluid B8 FIGURE P4.35 
particle as a function of time, У, (t), as it flows along the 

steamline. (b) Determine the speed of the fluid as a function of 

position along the streamline, V — V(s). (c) Determine the fluid 

acceleration along the streamline as a function of position, 

а; = a(s). 


la Wh «060° n falus Mal 


-0.5 t -6st 
Vacticle = a = 0,6(-05)e°"" = -0,3 E° H 


(b) From part (a), , 
Ve (-0.5)|0.6 E~ ] where < = 0.6 е 


Thus, 
"E (-0.5)[ 5] , or V=-05S fi^ where s~ fl 


-0.5¢ 


(с) For steady flow, а, = V ay 
Thus, with V= -0.55 and ду dia 


q, = (-0.5 s)(-0.5) = 0.25 S fi/s* where s~ Н 
Note: For $79, dy is positive— the particles acceleration is to the right. 
Since the particle is moving to the lett, a pasilive а, for this case 


implies that the particle is decelerating (as must be for this 
stagnation point flow). 
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4.36 А nozzle is designed to accelerate the fluid from V, to 
У, in a linear fashion. That is, V = ax + b, where a and b are 
constants. If the flow is constant with V, = 10 m/s atx, = 0 
and V, = 25 m/s at x, = 1 m, determine the local acceleration, 
the convective acceleration, and the acceleration of the fluid at 
points (1) and (2). 


Wilh и=ах +b , v=0 
can be written as 
П = qû where a, = и E . 
Since “= V, =0 af x=0 and u=h=252 af x= we obtain 
10= 0+b 
25= a+b so that а= 15 and b=10 
That is, u = (I5x +10) 2 , Where x~m , so that from Eo, CI) 


, and w=0 the acceleration à 


2 


dy = (15х+10)-{ (15 z-) = @25х+г5о) т 


Note: The local acceleration is zero, 3* =0 , and the 


convective acceleration is U E { = (225x150)? 2 


At x=0, 2-50? & ; atx=/m ‚а =375@-& 
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4.37 Repeat Problem 4.36 with the assumption that the 
flow is not steady, but at the time when V, = 10 m/s and 
V; = 25 m/s, it is known that aV 1/91 = 20 m/s? and 
aV;/dt = 60 m/s?. 


With U=U(x,t) , v=0, and w =0 the acceleration û = 
can be written as 
À =A where б„=% tu jy 22 , with u 7 atüx +b. 
At the given time (1-8) u 7 =102 at x-0 and =a 7252 alx-Im 
Thus, I0 = Q + b(t) 
25=alt) +b) so that alt) =/5 and bä) = 
Also at t=t, 3 uL z oh 2 20 2 al х=0 


д MT ха 


and 4h = - = 60 & 60 553. at X=/m Mote: These are local 


. accelerations at time (to 
The convective acceleration al X =0 (Ед, (1) is 


ust = (ax +b) (a) = (/5 (0) +10) (15 +)=/5о- 
while at X=/ ili is 
uit = (150)+ю) 2 (15 4) = 3755 


The fluid acceleration at t=to is 


= (20 «y 35)? = (20150) 2 = 1700 Stat х=0 


and 
Дд =(60+з75)ф & = 425 @ al х=їт 
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4.38 An incompressible fluid flows past a turbine blade as shown 
in Fig. P4.38a and Video V4.9. Far upstream and downstream of 
the blade the velocity is Vy. Measurements show that the velocity of 
the fluid along streamline A-F' near the blade is as indicated in 
Fig. P4.38b. Sketch the streamwise component of acceleration, a,, 
as a function of distance, s, along the streamline. Discuss the im- 
portant characteristics of your result. 


bo MEN 
—-——— 
poU 


BH FIGURE P4.38 


a, = уду where from the figure of И = И) the func tion 
ge has the following shape. 


The fluid decelerales trom A to С, accelerates trom С to D, and 
the decelerates again trom D t0F. The nel acceleration trom 
AtoF is zero (i.o, la = И, = И), 
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4.34 Air flows steadily through a variable x (in.) u (ft/s) x (in.) u (ft/s) 
area pipe with a velocity of V = u(x)i ft/s, where ^9 18 j о ойр 
the approximate measured valuesof u(x) are given | 02 15 F 
in the table. Piot the acceleration as a function 130 "^ 
of x for 0 = x = 12 in. Plot the acceleration if 20.1 i19 
the flowrate is increased by a factor of № (1.е., 283 103 
the values of u are increased by a factor of N), 284 10.0 
for N — 2,4, 10. 258 


Since uU) , v0, and w=0 il follows that а 
simplifies lo û = q,é where Q = U Er 
The valves U are given гп ihe table ; the corresponding valves 
of E can be obtained by an approximate numerical differentiation. 
The results are shown below for the given date (ie. with //=!). 


Note that since а, = Ш 4 jt follows that and increase in velocity 
from U to Nu increases the acceleration trom a to // a 


du/dx, 1/5 и аи/ах 
2.4 24 
18 184 
59.4 772 
91.8 1845 
498 1409 
-15 -426 
-49.8 -1285 
-50.4 -1013 
-39.6 -689 
-33 -446 
-19.2 -228 
-11.4 -117 
-1.8 -18 
0 0 


nim 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
14 
12 
13 


The геѕи are plotted on the next page. 


“ыз? 


du/dx, 1/5 20 
0 


20 9 
p 
Į 


-60 


2500 - 
2000 + 
1500 - 
1000 - 
ax. fts^2 500 + 
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*4,40 As is indicated in Fig. P4.40, the speed 
of exhaust in a car's exhaust pipe varies in time | 
and distance because of the periodic nature of the | 
engine's operation and the damping effect with | 
distance from the engine. Assume that the speed 
is given by V = V,[] + ae sin(cr)], where | МЕР V = Voll + ае-ёх sin(at)) 
Vo = 8 fps. а = 0.05. b = 02 ft^*, and o = 50 
rad/s. cem and plot the fluid acceleration at FIGURE P4. 40 
ps0. 1.2. 3, 4 апа ft forl sur SFA s. 


Since u-U(x,t) , v=0, and w=0 il follows that 


mc MM Lu aT — A 
a =r +V VV = 02, where а= tury (1) 


Thus, with “= Vo [1 +a "ш? (wt) ] Ég, () gives 
а = Vo aw al (wt) tV] lea E M aind] V aC) £P s (wt) 
= Wa é *[w cos wt) - V, b sinwt) (1 tae sin (wt))| 
With 4-82 , а=0.05, b=0.2 #, and w= 5o 4 
this becomes 
ay = 0.4 е ^?" [so cos(sot) -1.6 sin (Sot) (140.05 292% (Soz))| È ® 
where t~s and x^ fl 
Plot ay from £o, (2) for OF <ê < with x =0, 1,2,3,4% and 5 ff. 


J 


An Excel Program was ией to calculate ay from Eg (2). The results 
are shown on the next page. 


(con't) 
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Acceleration at various x locations, ft/s^2 
х= 0 ft X1 f x-2ft x= 3 ft x = 4 ft x = 5 ft 
20.00 16.37 13.41 10.98 8.99 7.36 
19.22 (5773 12.88 10.55 8.64 7.07 
17.24 14.11 11.56 9.46 TS 6.34 
14.18 11.61 9.51 7.79 6.38 522 
10.24 8.39 6.87 563 4.61 37 
5.67. 4.65 3.81 3.12 2.55 2.09 
0.74 0.61 051 0.42 0.34 0.28 
-4.23 -3.46 -2.83 -2.31 -1.89 -1.55 
-8.93 -7.31 -5.98 -4.90 -4.01 -3.28 
-13.08 -10.71 -8.76 -7.17 -5.87 -4.81 
-16.42 -13.44 -11.00 -9.01 -7.37 -6.04 
-18.73 -15.34 -12.56 -10.28 -8.42 -6.89 
-19.89 -16.29 -13.33 -10.92 -8.94 -7.32 
-19.81 -16.22 -13.28 -10.87 -8.90 -7.29 
-18.51 -15.15 -12.41 -10.16 -8.32 -6.81 
-16.06 -13.14 -10.76 -8.81 -7.21 -5.90 
-12.61 -10.32 -8.45 -6.91 -5.66 -4.63 
-8.37 -6.85 -5.61 -4.59 -3.76 -3.07 
-3.62 -2.96 -2.42 -1.98 -1.62 -1.32 
1.36 31.312 0.92 0.62 0.51 
5:13 4.20 2.82 2.31 
8.82 5.92 4.84 3.97 
11.96 8.02 6.57 5.38 
14.36 9.63 7.88 6.45 
15:87 8.71 7.13 
16.38 899 7.36 


Acceleration, ax, vs Time, t 


OX 
а ы 


nk UUN ~ су 
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4.44. Water flows over the crest of a dam with speed V as shown 
in Fig. P4.4l, Determine the speed if the magnitude of the 
normal acceleration at point (1) is to equal the acceleration of 
gravity, g. 


FIGURE P4.4| 


a, =e or with ау = 2224 , Vaya R = (92.28.027) 


= 8.02 + 


4 - 36 


4. 42. 


4.42 Assume that the streamlines for the wingtip vortices from 
an airplane (see Fig. P4.19 and Video V4.6) can be approximated 
by circles of radius r and that the speed is V — K/r, where K isa 
constant. Determine the streamline acceleration, a,, and the normal 
acceleration, a,, for this flow. 


m FIGURE P4.14 = г 
dV | -K dV 
2 Vas, where, since Vx ‚ wa =e 
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4.43 А Яша flows past a sphere with an upstream velocity 
of Vo = 40 m/s as shown in Fig. P4.4* 3 From a more advanced 
theory it is found that the speed of the fluid along the front part 
of the sphere is V = $V, sin 0. Determine the streamwise and 
normal components of acceleration at point A if the radius of 
the sphere is а = 020 m. 


V=2% sind = 3- 
1 
(60 singo’)?  _ 
0.2m Е 


2—4 


y^ 
p. e 


AXES 
4; =v = (60 sine) E , where 
From Es. (1), ду = 60 cos0 
00 __! 
Also 5 = 46 = 0.2 0 т, where O~rad, so that з “тт 


Thus, for 6 = 40° 
а, = (60 sin 40° 2) (60 cos 4033) (sam) = 88604 
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*4.44 For flow past a sphere as discussed in 
Problem 4.43, plot a graph of the streamwise ac- 
celeration, a,, the normal acceleration, a,, and 
the magnitude of the acceleration as a function 
of 0 for 0 = 0 = 90° with V, = 50 ft/s and a = 
0.1, 1.0, and 10 ft. Repeat for V, — 5 ft/s. At 
what point is the acceleration a maximum; a min- 
imum? 


V, соѕ0 and s=a0 


а; = (z V sino) (3 V, cos0) + = ya SinÜ cos@ (2) 


Hence the magnitude of the acceleration is 
2 2 
an А Е : . 
Ial =үат+аг = Ih Sin Ө + sin'O co = ie сіпе ү sin Ө + cos'o 
or 


jal= 2% sime Thus, 11, =0 af 0-0, |8] = 3E of 0-90" 
al= жа sin ut, WALA O at E70, [8i age at @ 


An Excel Program was wed to calcolate as, Gn, ahd а from 
Egns . (IZ) and (3). The results are shown below. The rests for 


other valves are similar if the factor Vy*/a is accwnted for. 
The following data is for Vp “Sis, alti 


0,deg a, №52 а, fus? 
0 А А i Acceleration vs Angular position 
5 d r = 

10 +. | | , VESH 

15 | | | | а=1# 

20 | 

25 

30 

35 

40 


| пота! accel, ftsà2 


== streamwise accel, 
fUs^2 


= = = accel, ft/s^2 


[e] 


acceleration, ft/s? 
mw бф d 


=< 
с 


о 


0 10 20 30 40 50 60 70 80 90 
0, deg 
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*4.45 The velocity components for steady flow through the nozzle 
shown in Fig. P4.45 аге и = —У„х/# and v = Vo [1 + (y/€)], 
where V, and € are constants. Determine the ratio of the magnitude 
of the acceleration at point (1) to that at point (2). 


BHFIGURE P4.45 


(1) @ - Ya? +4 у, where 


ay = utt ga Be C yy Men Хто) = (J 


and = 
a, - d£ vr Coro li OD (Ан) 
Thus, from £q. ^ 


(ip) Vee bey? 


so tha 
q, = M) Pil? = E 
and 
Hence, я. 
ATE 


7 - HO 


*4.46 A fluid flows past a circular cylinder of radius a with an P 
upstream speed of V, as shown in Fig. P4.46. A more advanced the- 

ory indicates that if viscous effects are negligible, the velocity of the T UT. 
fluid along the surface of the cylinder is given by V = 2V, sin Ө, mn 
Determine the streamline and normal components of acceleration Dr 


on the surface of the cylinder as a function of Vo, a, and Ө and plot 
graphs of a, and a, for 0 € 0 = 90° with Vo = 10 m/s and 


V^ (20500) _ 40° „20 


= а а 
and m 8 
پو‎ = УЗУ = УЗУ 35 j where 3e A ces and < =а0 
26 
Or £X = 2 
Thus, = a 


ie . 
а, = (20 =9)(2% cos0)q = 7G 5/70 cosó 


These results with V, 102 and a = 001, 0.10, L0, and 100m 
are plotted below. 


а= 0.01 та= 0.10 та= 1.0m а= 10m а= 0.10 та= 0. 10 та= 10 т а= 10 т 


9, deg ag, 52 а, ft/s? а, ft/s? а, ft/s? an fs? а, ft/s? а, ft/s? а, ft/s? 
0 0 0 0 0.00 0 0 0 0.00 
5 3473 347 35 3.47 304 30 3 0.30 
10 6840 684 68 6.84 1206 121 12 1.25 
15 10000 1000 100 10.00 2679 268 27 2.68 
20 12856 1286 129 12.86 4679 468 47 4.68 
25 15324 1532 153 15.32 7144 714 74 7.14 
30 17321 1732 173 17:32 10000 1000 100 10.00 
35 18794 1879 188 18.79 13160 1316 132 13.16 
40 19696 1970 197 19.70 16527 1653 165 16.53 
45 20000 2000 200 ` 20.00 20000 2000 200 20.00 
50 19696 1970 197 19.70 23473 2347 235 23.47 
55 18794 1879 188 18.79 26840 2684 268 26.84 
60 17321 1732 178 17.32 30000 3000 300 30.00 
65 15321 1532 153 15.32 32856 3286 329 32.86 
70 12856 1286 129 12.86 35321 3532 359 35:32 
75 10000 1000 100 10.00 37321 3732 373 37.32 
80 6840 684 68 6.84 38794 3879 388 38.79 
85 3473 347 35 3.47 39696 3970 397 39.70 
90 0 0 0 0.00 40000 4000 400 40.00 

(con't) 


4 74H 


= 
ErrickE4 [-- 1j 
ЙД у ран 


Е 
o 
= 
© 


—-—-—a 
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4.47 Determine the x and y components of 
acceleration for the flow given in Problem 4.1].If 
c > 0, is the particle at point x = хо > 0 and 
у = 0 accelerating or decelerating? Explain. 
Repeat if x, < 0. 


Since “= с(х?-у?) and v= -2сху it follows that 
а = 0,7 +0у ў, where 


dx = 55 + uss + er = C(x^-y?)(2cx) *(-2cxy)(- 2C y) 


or 
Oy = 263 (x* +?) 


and 


v ۷ 
g= +u tuy =с(х?-у2)(-2су)+(2сху)(-2сх) 


or 
ду = 2с?у(х?+у2) 


For Х= Хә and у=О we oblain: 

u-CX; , у=0 

and ° ˆ 

0= 2C X; , ay=0 

Thus, with C70 and x,»0 ft follows that u70, @, >0; Ze, the 
fluid is accelerating. 

With C>0 and Х,<0 it follows that и HO 40 6.4, the 


fluid is decelerating. 
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4.48 When flood gates in a channel are opened, water flows 
along the channel downstream of the gates with an increasing 
speed given by V = 4(1 + 0.1/) ft/s, for0 = г = 20) 5, wheres 
is in seconds. For г > 20 s the speed is a constant V = 12 ft/s. 
Consider a location in the curved channel where the radius of 
curvature of the streamlines is 50 ft. For t = 10s determine 
(a) the component of acceleration along the streamline, (b) the 
component of acceleration normal to the streamline, and (c) 
the net acceleration (magnitude and direction). Repeat for 
r= 305. 


ү = а H/s for 0<t £205 and V=12 ft/s fø і >208 
=V% +4 where 2 Lg 


у? 
Q, = М and an = 5, where 02501 


(!) For t =/0s * 


(a) a, = oY 4 (0.1) =0 аб 
(b a, = М/Ж = [#(1+0.1(10)) Its / (soft) = 1.28 ftf? 


А 
(с) а=(а?+ a A o4 EY siae] = Lael 


(2) For t = 305: 


(а) gs um 12 ft/s = constant of = =0 and X 20 so that 


S 


V+ <o 
"e a, = = (12 2 AES) = 2.887. UA 


and y " 
Z 
(с) а= (а2 ia) =a) = 2.008 
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4.44 Water flows steadily through the funnel shown in Fig. 
P4.44, Throughout most of the funnel the flow is approximately 
radial (along rays from O) with a velocity of V = c/r?, where 
r is the radial coordinate and c is a constant. If the velocity is 
0.4 m/s when r = 0.1 m, determine the acceleration at points 
A and B. 


2 
а = anh + a, <, where an = 5 =0 since R=% (ie, the streamlines 
A TAE, m" are straight ) 
lso, а; = Уз --V 3r , where Vs 


Since V= 0.42 when rz0.Im it follows that 


3 -3 
c= Vr? =(0. +2) (0.1 m)? = #07? 2E , Or ر‎ T. where r^'m 
Thus, А 
ач) f 
© г? r3 7 r5 
At oint A: 3 0.12т 
PP бы ЛТ, oom 
ds" — (Om) a Om 
А 
At point В: , | 
-3 т? 2 _ 2 7 
_2(4х10° =) .. 1.492 Olm p7 y (0) +(0.06) 


5 (0.1147 m)* = 0. 1167m 
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4.50 Water flows through the slit at the bottom of a two- 
dimensional water trough as shown in Fig. P4.50, Throughout 
most of the trough the flow is approximately radial (along rays 
from O) with a velocity of V — c/r, where r is the radial co- 
ordinate and c is a constant. If the velocity is 0.04 m/s when 
r = 0.1 m, determine the acceleration at points A and B. 


FIGURE P4.50 


== 2 
A=4,n+4,8, where @„=-ф = О since R= ee, the streamlines 


are ` straight) 
Also, а, = v =- where E 
Since V= 0.042 when F=O0.lm jt fo allows that 


4- 
с = Vr = (0.04 )(0.1m) = "T ros Vee т where r ~m 


Thvs, 
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4.5! Air flows from a pipe into the region 
between two parallel circular disks as shown in 
Fig. Р4.5/. The fluid velocity in the gap between 
the disks is closely approximated by V = V4R/r, 
where R is the radius of the disk, r is the radial 
coordinate, and V, is the fluid velocity at the edge 
of the disk. Determine the acceleration for r = 
1. 2, or 3 ft if V, = 5 ft/s and R = 3 ft. FIGURE P4.51 


2 4 a 
а=а„й + a8, where a =% =0 since A =° (i.e the streamlines 
VoR are straight 
F 


Also, a, = y-y, where V= 


Since Y= 54 and R2311, V= = it where rfl 

Thos, VaR VoR _ VER __ (SE) (sth 225 ff fl 
)د‎ -- MER. - ی‎ aer ا‎ 

Ят dii, q, = -225 $h 


Al r-28, a, = -28,1 kk 


Bl r-3H, а= -8.33f 
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4.52 Air flows into a pipe from the region between a circular 
disk and a cone as shown in Fig. P4. 52. The fluid velocity in the 
Bap between the disk and the cone is closely approximated by 
V = V,R?/r?, where А is the radius of the disk, r is the radial 
coordinate, and V, is the fluid velocity at the edge of the disk. 
Determine the acceleration for ғ = 0.5 and 2 ft if V, = 5 ft/s 
and R = 2 ft. 


WBFIGURE P4.52 
lam : 
П = фй +a $, where ap = =0 since 0 = (ге. the streamlines 
V jJ. | are straight) 
Also, 2 Vis =-Vīr since Г ands are pointed i in opposite direct ons. 


Thus, with V= V, Rr? it follows that 
а; = - (Rr *)(- 24 ВУ) = 2۷ s a 

2 (89A) (24) Zt = 800/r* Ё where r^ f] 
Ab г = 0.511, а, = 800/6.5) E, = 25 400 ft 


Mr=2t а, = 800/(2.0) $ = 25 


C 
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4.53 Air flows steadily through a long pipe with a speed of 
и = 50 + 0.5x, where xis the distance along the pipe in feet, and 
и is in fUs. Due to heat transfer into the pipe, the air temperature, Т, 
within the pipe is 7 = 300 + 10x °F. Determine the rate of change 
of the temperature of air particles as they flow past the section at 


w=50t05x , fv =0, Ш 
7 = 300 +10х 


oF 
= (50+0,5х) (10) = 500+5X = where X^ fl 


Hence, at X=5 fl 


J. соо *5(5)z zos 5 


Dt 


К 
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4.54 A company produces a perishable product in a factory 
located at x = 0 and sells the product along the distribution route 
x 2 0. The selling price of the product, P, is a function of the 
lenght of time after it was produced, ;, and the location at which it 
is sold, x. That is, P = Р(х, t). At a given location the price of the 
product decreases in time (it is perishable) according to 3P/at = —8 
dollars/hr. In addition, because of shipping costs the price increases 
with distance from the factory according to дР/дх = 0.2 dollars/mi. 
If the manufacturer wishes to sell the product for the same 100-dollar 
price anywhere along the distribution route, determine how fast he 
must travel along the rout. 


dollars 


gE 20,2 —— 


Xx Mi DP 
But, P =100 dollars anywhere, So that pF =? 


dP 
235 audy of 


Е PAN _ (C dollars/hr) 
~~ Pax (o dellars/mi) 


т! 
edo. 
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4, 55 Assume the temperature of the exhaust 
in an exhaust pipe can be approximated by T — 
T(1 + ae-™){1 + c cos(or)], where To = 
100 °C, a = 3, b = 0.03 т-!, c = 0.05, and о 
= 100 rad/s. If the exhaust speed is a constant 3 
m/s, determine the time rate of change of temp- 
erature of the fluid particles at x = 0 and х = 
4 m when t = 0. 


,v=0 , and w=0 il follows that 


Rs Жү ааа Iy D. A „Аат òT 
p^. PVE е пе РО Vg tee шл Р г 


DI -T(l*a e" )cc to ілш) +u Т, (1+ € cos(wt))( -ab ant} 


: h 
—- , where Xm 


Thus, Di--28.4 $ at x20, t=0 


=< a. = = 
pt “25.15 at X 4m , t=O 
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4.56 | 4.56 A bicyclist leaves from her home at 9 A.M. and rides to a 


beach 40 mi away. Because of a breeze off the ocean, the tem- 
perature at the beach remains 60 °F throughout the day. At the 
cyclist's home the temperature increases linearly with time, go- 
ing from 60 °F at 9 A.M. to 80 °F by 1 P.M. The temperature is 
assumed to vary linearly as a function of position between the 
cyclist's home and the beach. Determine the rate of change of 
temperature observed by the cyclist for the following condi- 
tions: (a) as she pedals 10 mph through a town 10 mi from her 
home at 10 A.M.; (b) as she eats lunch at a rest stop 30 mi from 
her home at noon; (c) as she arrives enthusiastically at the beach 
at 1 P.M., pedaling 20 mph. 


From the given data the temperature, T, z 
varies as a fonction of location, x, and 
time | 2 as shown in the figure: 


97 un EE 


(a) At X =/0mi and t=10am, 
QT .(75*-69) _ 15 7» 


àU р 5 f 

and -— 60 

aT — (60°65) |. toy. 

msn. C69 

Thus, with u.= 10m /hr, "4 ue 
с : | J 

DT = IE he +10- (73 е) 


Dt 
= 2,5 V/hr 


ay (65°- 60°) zx t 
(b) At noon with U=0 (resting) and 3$ ^^ ghn  # /hr 


T , 
D zy = jf == Shp = 1.25 hr 


(60'— 80°) 


: Ar 2 ёт. 
(c) Upon arival at the beach with U = 20 mph Р jt =e, and eae тта 


= -0,5 стг 


D7 21 ни = uit = 2077 (-0.5 i) = -/0 hr 
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4,57 The temperature distribution ina fluid is given by T = 
10x + Sy, where x and y are the horizontal and vertical coor- 
dinates in meters and T is in degrees centigrade. Determine the 
time rate of change of temperature of a fluid particle traveling 
(a) horizontally with 4 — 20 m/s, v — O or (b) vertically with 
и = 0р =20im/s. 
Top o dr. DT 7 - 
07 = 3 + эх Voy» where үз =0 


74 EN = С 
Thos, if u=202 and v«0, then DT =U} = (2o) (1078) = 200 € 
and m ГА 
if и =0 and у=20у, then 21 = Me = (202)(5 т) = 


JE 
i 


53 


4.59 The wind blows through the front door of a house with a speed 
of 2 m/s and exits with a speed of 1 m/s through two windows on 
the back of the house. Consider the system of interest for this flow 
to be the air within the house at time ғ = 0. Draw a simple sketch 
of the house and show an appropriate control volume for this flow. 
On the sketch, show the position of the system at time / = 1 s. 


Since the air enters al 2 m/s and leaves al m/s, the air 
al the entrance and exil has moved £7 V dt =2m/s (/s)=2m 
and L, «V. dt = [m/s (Is) = / т, respectively. The control 
volume, which coincides wrth the system al 1-0, and the 

£ ys tem at t<ls are chown below. 


= 
1 


1j 
КУЕ | | 
UERSUM TA: Н 


' Bark Wielas Covered 
1 Preti 


= eee 
کے بے س‎ as 


\ EI BE XT аы 
— — — control Volvme and ovt flow 
system af {=0 


фа De $у$]ер] al 1=4#=/< 


Ls d 


4.60 Water flows through a duct of square cross section as 
shown in Fig. P4.60 with a constant. uniform velocity of V — 
20 m/s. Consider fluid particles that lie along line АВ at time 
1 = 0. Determine the position of these particles, denoted by line 
A' -B', when ! = 0.20 s. Use the volume of fluid in the region 
between lines A~B and A' —B' to determine the flowrate in the 
duct. Repeat the problem for fluid particles originally along line A A C C E р! 
C-D; along line E-F. Compare your three answers. FIGURE P4. 60 


Since V is constant in time and space, all particles on line AB 
move a distance l= Vat =(20£) (o.28) = 4m from 1-0 to 1-028 


Thus, the volume of АВАВ" js BAB’ ^ (0.5m)? (4m) =1.00 m? 
so that 
Q вив’. 100 т? _ gom? 
2 025  . 5 


Similarly from 1-0 tot=0.2s the fluid along lhes CD and EF 
move to C D' and EF respectively. Also, ср = Vere’ = волі 
so that we obtain Q= E = رک‎ 22 regardless which line we consider. 


4.61 Repeat Problem 4.60 if the velocity profile is linear from 0 to 
20 m/s across the duct as shown in Fig. P4.61. 


FIGURE Р4.6/ 


From 1-0 to 1=0.1 s the particle initrally а} B travels а distance 
by = Vo at =(20%)(0.1s)=2m as show, Particle A remain fixed since 


Va =0, Since the velocity profile is linear, line AB remains straight, but 
“tilts” qs indicated. Thus, the volume of fluid crossing the imtval line 
AB is Vas" = 5h A = 4 (2m)(0.5mY = 0.25? so that 


__ VaBB/ _ O.25m? _ ر‎ m3 ? = = | 
Que SE Since opp! = Terr’ " Van" it 


follows that the same value of Q is obtained regardless which volume 
is used. 
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4.62 In the region just downstream of a sluice gate, the wa- |. - 
ter may develop a reverse flow region as is indicated in ү М0 
Fig. P4. 62and Vidro V10.9 The velocity profile is assumed to p- 

consist of two uniform regions, one with velocity V, = lOfps |... 
and the other with И, = 3 fps. Determine the net flowrate of lx 
water across the portion of the control surface at section (2) if Б 
the channel is 20 ft wide. 


V, = 10 #5 


FIGURE P4.62 


Q= VA, = ҚА, = Qo. 20)998) -(3 #)(1,8Н)(20#&) 
f 
ا‎ wen 


4,63 |4.63 At timet = 0 the valve on an initially as p = р„(1 — e^"), where b is a constant, de- 


empty (perfect vacuum, р = 0) tank is opened termine the time rate of change of mass within 
and air rushes іп. If the tank has a volume of i^, the tank. 
and the density of air within the tank increases 


For i20 , р=0, E ا‎ so that M = mass of air in tank 


- m № 76V, p н 
Thus, M= pbe" eS 6010-6 | 
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4.65 Water enters the bend of a river with the uniform veloc- 
ity profile shown in Fig. P4.65,At the end of the bend there is 
a region of separation or reverse flow. The fixed control vol- 
ume ABCD coincides with the system at time г = 0. Make a 
sketch to indicate (a) the system at time f = 5 s and (b) the 
fluid that has entered and exited the control volume in that 
time period. Control volume 


SBFIGURE P4.65 


Since the distance the fluid travels in time St=5s is L=Vdt, the tld 
at A-B when t=0 has traveled Le(Im/s) (55) = 5m when t=dt< Ss. This 
is shown in the figure below. Similarly, the fluid across C-D at t=0 has 
moved as indicated when {= «5s. Thus, the boundary of the system 
al Ё=.5 х are as show in the figure below. The fluid that entered and 
exited the control volume in that time period is also shown. 


Fluid tha} has | 
entered 


con pre! 
volume 


— — — control Volume and 
system al (<0 


Y Нуга that has 
s exited control 
Fluid that has volume 
entered control 
Volume 


сеа РЕЯ system al 1555 
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4,66 


4.66 А layer of oil flows down a vertical plate as shown in 

Fig. P4..66 with a velocity of V = (V/k?) (2hx — x?) j where 

V, and Л are constants. (a) Show that the fluid sticks to the plate 

and that the shear stress at the edge of the layer (x = A) is zero. 

(b) Determine the flowrate across surface AB. Assume the width 

of the plate is b. (Note: The velocity profile for laminar flow Plate — 
in a pipe has a similar shape. See Video V6.3) 


7hvs, 

ar] = 1 (0-0) =0 and 

X=0 

tl -u lane [ah-2x] =o 
= x=h Xsh 


Hence, the fluid sticks to the plate and there is no shear 
stress at the free surtace. 


х=Ь һ 
b) Q,. = (ar d4 = [a bck = (М, (2hx i) b dk 
Х=0 e 
or h 
Qag = Vb [pe - 2 = 2Vhb 
; = 
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4.67 Water flows in the branching pipe shown 
in Fig. P4.67 with uniform velocity at each inlet 
and outlet. The fixed control volume indicated 
coincides with the system at time t = 20 s. Make 
asketch to indicate (a) the boundary of the system 
at time ¢ = 20.1 s, (b) the fluid that left the control 
volume during that 0.1-s interval, and (c) the fluid 
that entered the control volume during that time 
interval. 


— — — Control volume 


FIGURE P4.67 


Since Vis conslant , the fluid travels а distance = Vat in 
time at. Thus, 4 =V, at = (2#) (20.1-20) = 0.2m 
£7 Vaat = (1 #) (201 -20)s = ОД» 
and $= Vaat = (2.5%) (20.1-20) = 025m 


The system al t=20./s and the а that has entered or 
exited the control volume are indicated in the figure below. 


— — — control volume 
system at £= 20.1 s 


D 


(1) 


IN 


flow into control vol. 
4) 
Aig! 


2 ر 


м у (2) 
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flow into control vol. 


4.68 Two plates are pulled in opposite direc- 
tions with speeds of 1.0 ft/s as shown in Fig. 
P4.68. The oil between the plates moves with a 
velocity given by V = 10 yi ft/s, where y is in 


Feet. The fixed control volume ABCD coincides 
with the system at time t = 0. Make a sketch to 


indicate (a) the system at time f = 0.2 s and (b) 
the fluid that has entered and exited the control 


volume in that time period. 
FIGURE P4.68 


Since V=Ulye = loy û it follows that the fluid flows in the 
x-direction a distance of ax = И at = /оу (0.2) ff = 2y f! 
from t=0 to t=0.2s. The lines А-В and C-D (the ends ої 
the original system location) deform into lines A* 8 and C^ D'as 
shown in the figure below. The portions of the system that have 
entered and exited the control volume during this time are 
indicated, 


flow into control vol wr 


flow out of control vol, UNUS 


p etus OUS ps Flow into control vol. 
р н 


— — — — control volume 
— e Es 
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4.69 Water is squirted from a syringe with a speed of = 
5 m/s by pushing in the plunger with a speed of V, = 
0.03 m/s as shown in Fig. P4.69. The surface of the deforming 
control volume consists of the sides and end of the cylinder and 
the end of the plunger. The system consists of the water in the 
syringe at г = 0 when the plunger is at section (1) as shown. 
Make a sketch to indicate the control surface and the system 
when / = 0.5 s. 


РРРРРРРРРРРРРРРРРРРРРРРРРРТРРР 


\% 
А 


ms‏ 5 = ۷چ چ 


ЕЇСОВЕ Р4. 69 


During the t =0.5s time interval the plunger moves Ё = Vp St =0.06т 
and the water initially at the exit moves J, = Мб =2.5m. The 
corresponding control surtacesand systems at t=O and t=0.5s 


shown in the figure below. 


— — — contro! volume at t=0.5s 
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“ENED system af t=0.5s 


4,70 


4.70 Water enters a 5-ft-wide, 1-ft-deep channel as shown 

in Fig. P4.70. Across the inlet the water velocity is 6 ft/s in 

the center portion of the channel and 1 ft/s in the remainder 

of it. Farther downstream the water flows at a uniform 2 ft/s 
velocity across the entire channel. The fixed control volume 
ABCD coincides with the system at time г = 0. Make a sketch 6 fs 
to indicate (a) the system at time / = 0.5 s and (b) the fluid 

that has entered and exited the control volume in that time 
period. 


жшн Control surface 


B FIGURE P4.70 


During the {20.5 5 time interval the fluid that was along 
line BC at time 1-0 has moved to the right a distace 
L=V t= 2f (oss) = (1. Simhrly, portions of the 
fluid along tine AD have moved 2 = 1 Ё (0,55) = ost 
and [= 6 f (0.55) <31. This assumes the / ft and 
&Ё flvid streams do not mix or nterminle during the 
055 time interval. See figure below. 


fluid thet Tit ae 


E 
E 
- 
` 
t 
“wa 
- 


entered зр Su fluid that 
ш iE MV | Es | exiled contrel 
ш E o. 5fl 5 ; ив 
eee „Жл. ЯБА 4 
D D 2 
— — — fixed control volume 


SSI af {= 0.55‏ کا د 
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4.71 Water flows through the 2-m-wide rectangular channel 
shown in Fig. P4,7/ with a uniform velocity of 3 m/s. (a) Di- 
rectly integrate Eq. 4.16 with b = | to determine the mass 
flowrate (kg/s) across section CD of the control volume. 
(b) Repeat part(a) with b = 1/p, where p is the density. Explain 
the physical interpretation of the answer to part (b). 


Control surface 
NH FIGURE P4.7! 


Da =f eb VA dA 
CSout } 


ғ b =/ and Vin = V cos this becomes F; 
"a dA cos f dA г 


бла Ap, where А. = Ё (2m) 


=m) 


nw ee 
EU )n 

Thus, with V=3m/s, 

8 = (3 2) соз0 (zd m* (999 $ „) = 3000-2 


b) With b= le £q. (I) becomes 


By = J A dA "(Vest ай= Vensa A, 
CD ср 


з 
=(3 2) со+Ө (ssn) = 3.00 


With b- Yo = (i) = = JL if foll: that “B = volume” 


(де, b= 585) so that [ла = В represents the vohme 
flowrate (m%s) from the control volume. 


4 72 


15 ft/s 


4.72 Тһе wind blows across a field with an approximate 
velocity profile as shown in Fig. P4.72. Use Eq. 4.16 with the 
parameter 5 equal to the velocity to determine the momentum 
flowrate across the vertical surface A-B, which is of unit depth 


into the paper. P 
y 
, 
m FIGURE P4.72 
E y=20f} 
pa = [obV-& dA = (oV Vida = о (VALUD EIU 
Ав 
- AG ye 
= of V*dy 
о 
Bul, у= Toy + f for Озу 10де. V=0 at у=0; Vers Ё al y 710) 
and V = 8$ for y>lo ft 
Thus, 10 


| 


E off (t yý dy + «fts DIE etas gja 225 y 
0 


slugs Нлл 
= 0,00238 eje [750 fH +2250 x [[ 


0 


" up ibo P ft е" 
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5.5 Water enters a cylindrical tank through two pipes at rates of 
250 and 100 gal/min (see Fig. Р5.5). If the level of the water in the 
tank remains constant, calculate the average velocity of the flow 
leaving the tank through an 8-in. inside-diameter pipe. 


control volume 
== == FA 


Section (2) Tho gal/min 


0 = > 
250 gal/min 


Section (3) 


2 AN; 


А 
For steady and incompressible Flow through Же ийыш айне чч 
Q, + о, 


ш 
n 


or 
И = 2 (а +, а (а, + Q 
н Am ) то; ? 
e 
om Su. С m + 250 gpm )[22/ x rs ЈА 
е т(# п) id * f gal 460 з A12 Im. 
4 suh x 
D o. AES. 4 
% "mit 
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5.6 Water flows out through a set of thin, closely spaced blades as 
shown in Fig. 5.6 with a speed of V — 10 ft/s around the entire cir- 


cumference of the outlet. Determine the mass flowrate through the 
inlet pipe. 


== P 
FIGURE P5.6 


Use the cel volume contamed within the broker, 
lines Shown м the sketch above . 


Frm the conservation of mass principle 


v тиі let‏ ا 
Also‏ 


e^ И ces 60° 


outlet oulet outlet 


= V 0 ii 
е "ur ЖК Aule? OF 6 


= (1.94 sugs) атт (6—0. #)(10 ft cos 60° 
ғ 
= 3.66 slugs 


5 
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5.7 The pump shown in Fig. Р5.7 produces a steady flow of 10 
gal/s through the nozzle. Determine the nozzle exit diameter, D3, 
if the exit velocity is to be И, = 100 ft/s. 


1 


BFIGURE P5.7 


Bod 
For steady Flow Q,* Q,, where Q, 219 18 (231585 )ا(‎ (Жз 
Thus, with = 1008 


3 
1337 = py = $d; (100%) 
or 


D, = 0,130 ft= 1,57 in. 


) = 1337 


5.8 Water flows into a sink as shown in Video V5.1 and Fig. P5.8 
at a rate of 2 gallons per minute. Determine the average velocity 
through each of the three 0.4-in.-diameter overflow holes if 
the drain is closed and the water level in the sink remains 
constant. 


Three 0.4-in. diameter 
overflow holes Q = 2 gal/min 


BFIGURE P6.6 


Q,-Q, for the control volume indicated, 


_ _ ооой 
2 T 0,4 | Б 
34 T) [ 


2 


5.9 The wind blows through a 7 ft X 10 ft garage door opening 
with a speed of 5 ft/s as shown in Fig. P5.9. Determine the average 
speed, V, of the air through the two 3 ft X 4 ft openings in the win- 
dows. 


kcar ا‎ 
B-IQURE P5.9 


For steady MECOM pressible tlw 


Q garage = © ston d C 
door 
ge “ = oW. м жа рди 
Garage normal to Window MN er 
door garage door 


$0 We асе speed, М, of the air through the two windows I$ 
Agarage Vaormal to gavage door _ (7+) (10 4*2 (5 ff) sen i0 ° „#4 ff 


V = m$ 
24,5 Ау 20390 ft ) 


5.10 The human circulatory system consists of a complex branch- 
ing pipe network ranging in diameter from the aorta (largest) to the 
capillaries (smallest). The average cadii and the number of these 
vessels is shown in the table below. Does the average blood veloc- 
ity increase, decrease, or remain constant as it travels from the aorta 


to the capillaries? 

CR RE PE NPT al o tin Da ARA NT EI DIU TRECE re] 
Vessel Average Radius, mm Number r N mm^ 

OG EA ELS 

Aorta 12.5 1 156 
Arteries 2.0 159 636 
Arterioles 0.03 1.4 X 107 12.600 
Capillaries 0.006 3.9 x 10? : 


140, 400 


The average blood velocity, V, is related to the blood mass flow, m, 


bo. P 
E i Í A is vessel cross sechon area С we=) 
where p i£ blood density, dee 
and N is number of vessels. So йт Constant m e: 
ye ron) 


and since te jani product becomes 
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la rger, the average velocity becomes Smaller. 


8.11 Air flows steadily between two cross sections in a long, 
straight section of 0.1-m inside diameter pipe. The static tempera- 
ture and pressure at each section are indicated in Fig. P5.11. If the 


х А : E Section (1) Section (2) 
average air velocity at section (1) is 205 m/s, determine the average 
è à ? ру = 77 kPa (abs) P2 = 45 kPa (abs) 
air velocity at section (2). T, -268K T> = 240K 
| V, = 205 ms Р 


.BFIGUR E P611 


This analysis 1s similar To the one of Example 5.2. 
For steady flow between sections (1) and (2) 


2 / 


or а A 
V = A V 

gt. ИГЫ 

Thus 

45v @) 
2 А 


Assuming р, under the conditions Of this problem, air 
behaves as an ideal gas we use the 


«deal gas 
eguation or’ stale ( Eg. 1.8) f get 


et = R 12 | (2.) 
а B 


Combining €]s. 1 and 2 and observing that A, =A, 
we get 


Z- Fr v, „ [O eA) (as т) 
= [#5 tras JOK) 7 


5.12 A hydraulic jump (see Video V 10.10) is in place downstream 
from a spillway as indicated in Fig. P5.12. Upstream of the jump, 
the depth of the stream is 0.6 ft and the average stream velocity is 
18 ft/s. Just downstream of the jump, the average stream velocity is 
3.4 ft/s. Calculate the depth of the stream, Л, just downstream of 
the jump. 


E FIGURE P5.12 


For steady t^ compressible tlw between sections (1)ana(2) 


h=- Vh „ (Oo 


m C OE 3,18 ft 
(3.4 uy 


Wet air 
m = 156,900 Ibm/nr 


5.13 An evaporative cooling tower (see Fig. P5.13) is used to cool 

water from 110 to 80°F. Water enters the tower at a rate of 

250,000 Ibm/hr. Dry air (no water vapor) flows into the tower at a 

rate of 151,000 Ibm/hr. If the rate of wet air flow out of the tower , Warm water „у 
is 156,900 Ibm/hr, determine the rate of water evaporation in | " = 250,000 Ibrvhr 
Ibm/hr and the rate of cooled water flow in ]bm/hr. 


Оуаг = 
rh = 151,000 Ibm/hr 


For steady flow of dry аг FIGURE P513 


1 (1) 
m. = Ma, dry air 


For steady flow of water 


E 28 aiias @) 
m i^ water + 


Also 


б Р m 
т, 5 dry air 2, waler (3) 


Combining Eqs. 1 and 3 we get 


= m - m, = rate of water evaporation 
I water 3 


= 156,900 (ёт _ 151, 000 = = 5900 io 
E ‘ Ar r 

2 we get 

rate of cooled water flow 


ый А 
a 2, water 


ler, 
250 000 thm . 5900 = . 24% 000 = 
h 


r hr hr 


5.14 At cruise conditions, air flows into a jet engine at a steady 
rate of 65 Ibm/s. Fuel enters the engine ata steady rate of 0.60 Ibm/s. 
The average velocity of the exhaust gases is 1500 ft/s relative to the 
engine. If the engine exhaust effective cross-sectional area is 
3.5 ft), estimate the density of the exhaust gases іл Ibm/ft". 


lor sfeady {low 
ИТ = И + m 
3 П 2 


/ O, 60 len 
6s = 7 r 


(3.5 £2) (1500 б ) 


volume 


5.15 Water at 0.1 m?s and alcohol (SG=0.8) at 0.3 m/s are mixed ea 
in a y-duct as shown in Fig. 5.15. What is the еше density of the A 
mixture of alcohol and water? 


D 


Аїсоһо! (SG = 0.8) 
Q = 0.3 m3/s 


BFIGURE P65.15 


For steady 


m, T oM 
or 

48, * 4€, 74; (1) 
Also, since the water and alcoho/ may be considered 


in compre ssi ble 

Q, + Q, =Q; (2 ) 
Combining Egs. / amd 2 we gel 

Pa + 29, = 2(8* Q) 


29, + /2 ©, 
Q, + ©, 


(©, + SG, A.) 


9 +Q, 


- бо By [e т" + eos $ 2] hos dh ё 
gs = . BEL 


OIL? 4 
5 
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5.16 Freshwater flows steadily into an open 
55-gal drum initially filled with seawater. The 
freshwater mixes thoroughly with the seawater 
and the mixture overflows out of the drum. If the 
freshwater flowrate is 10 gal/min, estimate the 
time in seconds required to decrease the differ- 
ence between the density of the mixture and the 
density of fresh water by 50%. 


A fixed, non- deforming control volume. that contams the 


water mixture т the 55-94/ drum js used. Fresh water 


with density, 2 , and volume 
The mixture is assumed to be homogeneous 
throughout the contro! yolume and leaves fhe control volume 
with density, 2 , and volume Ylowvale, Qz . Application 


of fhe conservation of mass equation (Eg. 5.5) fo the 
flow through this Control volume yields 


2% = = (1) 
he = o eio 


Simce the fluids involved are iIncompressible, Q, = ges Q. 


enters the contol volume 
flowrate, Q, , 


Also, the Volume of fhe Contre! volume is cmstant. Thus 
Eg. / leads 1o 


£ 4%), 


да те 
dt Z 
or 
A (8 -2 2 
at A Y. LA 
The solution of oF 2 we 
re = (С E + LO (3) 
k 0.99 " v4) 
At t =0, Z^ = renwal ыы "2 a LOZ 


A fresh ukes Ü 494 gy ) 


05 (2, - 2) 


mixture density 


mixture densi ty 


f йз s 
m g c 


Substituting fais value and j ; 
ag Mis а givens hf Eg. 3 we get 
(55 ўа! )(б0ти) 


— 


„О э = 0.026 € + 1.0 
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5.17 A water ја pump (see Fig. Р5.17) involves a jet cross-sectional 
area of 0.01 m^, and a jet velocity of 30 m/s. The jet is surrounded by 
entrained water. The total cross-sectional area associated with the 
jet and entrained streams is 0.075 m?. These two fluid streams leave 
the pump thoroughly mixed with an average velocity of 6 m/s 
through a cross-sectional area of 0.075 m?. Determine the pumping 
rate (i.e., the entrained fluid flowrate) involved in liters/s. 


For steady mcompressible How through the control Volume 
а, d Q, » Q, 

or 
V, A; + ©, т ГА А, 

Thus 
a, 


dz 


M 


V,A,- VA, = [@ т)(0.076 и") – (30 myo ЖР, 


150 fiers 
5 


| 
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5.18 Two rivers merge to form a larger river as shown in 
Fig. P5.18. At a location downstream from the junction (before the 
two streams completely merge), the nonuniform velocity profile is 
as shown and the depth is 6 ft. Determine the value of V. 


B FIGUR E P5.18 


Use the cmteol volume shown within broken lines 
in the sketch above. We поје that m= pov anol 


trom the comservahon of mass print ple we 


Get 


„мы a 


V ж AV, TA, (mene? + (gore aE) 


А (08) + А бов ДО.) (в) 


0.34 i 


Ww we 3-63 


— 
——— 


5.19 "Various types of attachments can be used with the shop vac , 
shown in Video V5.2. Two such attachments are shown in Fig. P5.19 
—a nozzle and a brush. The flowrate is 1 ft/s. (a) Determine the 
average velocity through the nozzle entrance, V,. (b) Assume the air | 
enters the brush attachment in a redial direction all around the brush - 
with a velocity profile that varies linearly from 0 to V, along the length | 
of the bristles as shown in the figure. Determine the value of У. 


‘b+ 2-in, dia. mmm 


Vn 3-in. o 


SFIGURE 


P5.19 


3 | 
(а) Q, = (0, where (), = / А | 


ad) or | | 
E l di Haw | 


а dk. eases 


(b) Q, = ЕЯ where Q, = lz g ii 0, = А, where 
ү = average velocity at (3) = iW he E 
А, =T Ds h H 
Thys, à | | 


41 [TADEN] - 1$, or i 
V, = 20.44 ! +H 
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5.29 Ап appropriate turbulent pipe flow velocity profile is 


R= Ia | 
v-«( R r) i 


where u, = centerline velocity, r = local radius, R = pipe radius, 

andi = unit vector along pipe centerline. Determine the ratio of av- hi 
erage velocity, и, to centerline velocity, u,, for (a) n = 4, (b) n = 6, cross Secron 
(c)n = 8, (d) n = 10. Compare the different velocity profiles. 


For any cross section area 


Thus tor 2 uniform ly, distributed density , A over ara A 
а. d Z+) ^ zfr-dr 


[ 


2-R* 


* ((- 49) - att 
gb AEF ДИ ZH 3n +1 
u 


A 


10 О. 866 


The different velocity profiles СЕТ fov laminar Flow) ave compared m 
Fio. 8.8. Since ће profile for n = 4 “s ned prae ск, significant, /# I$ 


not shown. 


ES 


5,01 Asshownin Fig. Р5.21 at the entrance to a 3-ft-wide 
channel the velocity distribution is uniform with a velocity V. 
Further downstream the velocity profile is given Буи = 4y — 
2y*, where и is in ft/s and y is in ft. Determine the value of V. 


(2) 


BFIGURE P5.21 


Use the imbal volume | inelicaled by the broken ines ло 
the skekh above. 


- / 
From the conservahon of mass principle 


/ ft 
VA, = аад /бу- 2p) dy 


A, 0 


2 2 / ft 
V(035)b = LL za +b 
2. 3 о 


т 
$ 3 


ys T e TL 7 


—— 


5.22. А water flow situation is described by comers at (x, y, z) = (0, 0, 2), (5, 0, 2), (5, 5, | 


the velocity field equation 2). (0. 5. 2), (0, 0, 0), (5, 0. 0), (5, 5, 0), and (0, | 
У = (3x + 2)ї + (2y —4)j = Szk ft/s 5, A а in Fig. PS. 22b. | 


where x, y, and z are in feet. (a) Determine the 
mass flow rate through the rectangular area in the 
plane corresponding to z — 2 feet having corners 
at (x. y,z) = (0, 0, 2), 45, 0, 2), (5, 5, 2), and 
(0, 5. 2) as shown in Fig. P5.22a.b) Show that 
mass is conserved in the control volume having 


(а) Тре general expression for mass ^ 
flowrate across area A ; ^ (a) (b) 


А 23 FIGURE Р5. 22 
m- fr V. AAA 
| СА, 


Since the z-direction component of velocity, w,, 
/5 uniformly distributed over A,, we Can use 


m = о (а, А,) = (1-94 EE ft yz ud 


or 
m = 489 slugs 
4 5 


^^ 


(b) IF [ev dA = О, then mass is conserved. 


However [rv aaa = > m and since the component 


CS 
of velocity normal to each plane area of the contro! volume 
19 uniformly distributed over that area we have 


7m = о (- wA, + wW, A, - 5 А, + Uu, A, + А т YA) 
А E 3 r- A £1? 3 3 ft? 
2 № = о (-250 f4 ОЁ 20% + ОЁ» offe éo £7) 


Ут = О and mass is conserved. 
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5.23 An incompressible flow velocity field 
(water) is given as 
V = là sk i sms 
r E 

where r is in meters. (a) Calculate the mass flow- 
rate through the cylindrical surface at r = 1m 
from z = 0 to z = 1 mas shown in Fig. P5.22a.. 
(b) Show that mass is conserved in the annular 


control volume from r = 1 m to r = 2 m and 
z = 0toz = 1m as shown in Fig. Р5.22Ь, 


FIGURE P5.23 


(a) The general expression for mass шаі 
across cylindrical area A, /5 


= Јо б дая 


Since. the daa? direction component of velacity, V. 
is Ми distributed Over А, we can use 


P C, A) = (EO p (en > 


p 


= 


(b) If ЈА Vv. ў dA = О, then mass is conserved. 


ыд (E pV. AdA = 2m aud since 

the component Of velocity norma/ то each cylindrical 
and plane areg of the contol Volume is uniformly 
distributed over that area we have 


= We - V me 
el n A, ^u Wists A, ) 


29 m. I 
2 m p (2% т ш = s ga) 


2m О and mass js conserved. 
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5.24 Flow of a viscous fluid over a flat plate 
surface results in the development of a region of 
reduced velocity adjacent to the wetted surface 
as depicted in Fig. Р5.2}. This region of reduced 
flow is called a boundary layer. At the leading 
edge of the plate, the velocity profile may be 
considered uniformly distributed with a value U. 
АП along the outer edge of the boundary layer, 
the fluid velocity component parallel to the plate 
surface is also U. If the x direction velocity profile 
at section (2) is 


develop an expression for the volume flowrate 
through the edge of the boundary layer from the 
leading edge to a location downstream at x where 
-the boundary layer thickness is û. 


From the conservation 


flow through the contol volume 


we have 


=f = V. A dA 
u^" n S аа 
А, 
for incompressible Flow 


/ 
_ pV £5, 7 
28, iw er 48) 
where 
L = width of te plate 


aud thus 


gom DS 
2, 2 
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Section (1) 


Section (2) 


contro! 
, Volume 


к. //////УУУУУУУУУУУУУЛУУУЛУУУУУУУЛУУЛУУЛУУЛУУУ» 
к 


FIGURE Ps.24 


Shown ù the fure. 


Outer edge 
f 


0 
boundary 
layer 


5.25 Air at standard conditions enters the compressor shown in Fig. 
Р5.25 at a rate of 10 ft/s. It leaves the tank through а 1.2-in.-diame- 
ter pipe with a density of 0.0035 slugs/fi? and a uniform speed of 
700 ft/s. (a) Determine the rate (slugs/s) at which the mass of air in 
the tank is increasing or decreasing. (b) Determine the average time 
rate of change of air density within the tank. 


0.00238 slugs/f ^ 
BFIGURE Р5.25 


use the control volume within the broken biet. 
(a) Fre the comservahon of mass Pnaciple we get 


DM Е 3 " 
СЕ ЕГ: l € 


D sys = (0.00298 Slug (i e) 2 =y T {2 2 02), 700 f 
Dt P D my ; feta i ДЕЛ "ua 
| t 


" V 
n @ A, Ouk 


0.00456 5/09 (a creasing 
5 


ЫЙ 
= 228X/0 3j 


= 


JE S 
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5.26 Estimate the time required to fill with water a cone- 
shaped container (see Fig. P5.26) 5 ft high and 5 ft across at the 
top if the filling rateis20 gal/min. 


BFIGURE P5.26 


From application of the Conservation of mass principle to 
the control volume shown jn fhe figure 
we have 


2| gd Vida = 
م2‎ + [pv aA O 
Cv CS 


For incompressible tlow 


av". ag 
ot 
Or » 2 
[ow " а ја 
2 0 
Thus ^3 


pa Y s RBA обје ПЕ un) 
/ 1) /231 in? 
Q ZQ (12) (20 gat) (2 а) 


апа gal 


‘5.29 А hypodermic syringe (see Fig. P5.25) 
is used to apply a vaccine. If the plunger is moved 
forward at the steady rate of 20 mm/s and if vac- 
cine leaks pass the plunger at 0.1 of the volume 
flowrate out the needle opening, calculate the FIGURE P5.29 
average velocity of the needle exit flow. The in- 
side diameters of the syringe and the needle are 
20 mm and 0.7 mm. 


deforming cantrel 


volume 


Using a deforming contol volume and the conservation of 
mass principle (£g. 5.17) as outlined th Example 5 Ӯ, 
we obfan (see Eg. $ of Example 5:8) 


(1 
-А,\; d °®% © “м = о E 


Since p= Constant , R, 


ak 7 048, те QA, 
we oObfam from Eg. | 


L/ A, A - A, A 
or 3 
2 
С) [E emit 
z be d'/ ^4 07m) (1. (1000 m 
and А i PD =) 
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5.30 The Hoover Dam (see Video V2.4) backs up the Colorado 
River and creates Lake Mead, which is approximately 115 mileslong 
and has a surface area of approximately 225 square miles. If during 
flood conditions the Colorado River flows into the lake at a rate of 
45,000 cfs and the outtlow from the dam is 8000 cfs, how many feet 
per 24-hour day will the lake level rise? 


For е control volume shown: 


ў 7 " PSK = Ne a + | 
Nin 7 my = E x [e zu h ае пет Aa Qout 
CV water Күт pertica 

or since m= <04, control surface 


Qin - Qu] = Xr Geh ) = Make g 


Ths, dh Qm-Qn „(#мю-мш# ogy gS it 
Р Ae 225m * (5290-9, ) 


= 5,90x/0° © (3 4003. (2y) = 0.5/0 2, 
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ymin 
543] Storm sewer backup causes your basement to flood at Кез e iore that 
the steady rate of | in. of depth per hour. The basement floor Contains water 
area is 1500 ft". What capacity (gal/min) pump would you rent И яаа А 
to (а) keep the water accumulated in your basernent at a constant / l ` 7| 
level until the storm sewer is blocked off, (b) reduce the water ^ ! Р 4 | h 
accumulation in your basement at a rate of 3 in./hr even while 7 ЕЧ ^ еа 
the backup problem exists? А Ho xu E LA Е. "ш 


7 ED V. | m ата = А 


LM 


| flow out Ale in m 
For а detormin contro! vtlume that contains the wakr 


over fhe basemen? floor (see Sketch above), the 
Conservation of mass principle (C E9. 5.17) leads to 


2. | adv PA We x 
zc ^ + | „М.Л dA = О 
25 | 


5 


or fr Constant fluid density avid area (A) 
5 25 2 Qin ы Qui 0 б) 
(0 for part a , Ёд. | leads to 
а 3 Cin 
To evaluat &ф„, we use Eg.1 With Qy,=O. Thus 
ДЕ еи К scs # Br 
dt 


In 
AE га E: hr 
and 


= fies fü "g & gal 
Rag ( 2) ) ( NE Lad JE 


ZEE phn 


(B For part b, &g./ yields 


Qui pi Q,- A гй 


/ 7.49 gal "iL. 
Qa = ы жен Ps pz е, 2n. P a жы) 


Qu, = 62.7 P 


= fn 


5.32 (See Fluids in the News article *New 1.6 gpf standards," 
Section 5.1.2.) When a toilet is flushed, the water depth, В, in the 
tank as a function of time, f, is as given in the table. The size of the 
rectangular tank is 19 in. by 7.5 in. (a) Determine the volume of 
water used per flush, gpf. (b) Plot the flowrate for 0 sts 6s. 


(a) Volume of water per flush = 5.701. (19in.x7Sin.) = 8/2 In 


- Jf Dl X. 
= 8/25. zi) 3,52 gal 


(6) Q = не in tank) _ ae m т dh РЕ 


numerical differentiation of the h vst dala shown below, 
The resulting Q vst results are also show below. 


6 


5 +— 


4 


h, in. 3 + 
2 


1 


0 


-50 


-100 
Q, in.^3/s 
-150 


-200 


-250 
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§.38 A 10-mm diameter jet of water is deflected by a homoge- 
neous rectangular block (15 mm by 200 mm by 100 mm) that 
weighs 6 N as shown in Video V5.96 and Fig. P5.38. Determine the 
minimum volume flowrate needed to tip the block. 


From the free body diagram 
of the block when il is ready 
fo lip EM, =0, or 
Ry ls. = WA, where Ry is 
the fore that the water puts 
0n the block. 


Је, g 0.050т E 


For the contro! volume shown the X-component of the momentum 
equation 


(up rê dA Tes 
cs 


becomes 
Rx 
VCVA ==, or YY ea 
Thus, mE 
V = A = 3,39 Æ 
BIZIHES À 
Hence, 
Q sA; k= F(0.01m) (3.39%) = agri E 


S 
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5.39 Determine the anchoring force required 

to hold in place the conical nozzle attached to the 
end of the laboratory sink faucet shown in Fig. 
P5.39 when the water flowrate is 10 gal/min. The | 
nozzle weight is 0.2 Ib. The nozzle inlet and exit 
inside diameters are 0.6 and 0.2 in., respectively. 
-The nozzle axis is vertical and the axial distance 
between sections (1) and (2) is 1.2 in. The pres- 
sure at section (1) is 68 psi. 


© = 10 gal/min 
FIGURE Р5.39 


The analysis leading tp the solution of this problem is 
Similav To the one outlined in Example 5./0. Included 
in the control volume Gre the nozzle and the wafer in 
the nozzle at an istant. Application of the vertical or 
Z-dwection component of the linear momentum egua hon 
(£$.5.22) ™ the flow through this confrol volume leads to 
= pw А, - pwA,+W,+PA+*W-RA, (1) 

which is Eg. 4 of Example 5.10. 
The conservation Of mass equation ylelds 

m = OW A, = pw A, 
thus ба. 1 becomes 

E, = th (щы) Wot кА, Ж - А, 
The different terms in + 2 are aoe below. 

n =Q i ep 


M | 0.0432 5^ 
Min (7.49 O 22 5 


a Е 6) (ny f ҮҮ: 
А, то tr (0.6.) (7-48 3а! воз) 5 
m үл. Min 
П жы" 
ee ЫА МЕЧ 
ат oF -— 
CT AE re OPE) 


2 : 
Tr D lo \ т (Obim) _ 92 0 
= ' = (68 І = 
КА, 5 ( M == 
(con ) 
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(Сол'% ) 
W, - (24 *, - (09 T T [07+ ptbb)h: 
lags In. ^» in, wn.) /2 
W, «fn m) fe £Y' Ss it es: Ў (0.2) 4 (0.6in.)(02 je 


ч l 
W, = 0.0059] b | 


Ж & 
o prh (o &) wz) <= 0 ا‎ 
PA, Р; u =з: ( =) 4 


Thus wilh &.2 


Fc (0.0432 СЕ ft 402 e & a) 4 0.216 + 19.210 + 00051 - 0% 
A "yg 


37 
" 
^ 
г 
& 
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5.40 Water flows through a horizontal, 180? pipe bend as is il- 
lustrated in Fig. PS. 10. The flow cross section area is constant at 
a value of 9000 mm?. The flow velocity everywhere in the bend is 
15 m/s. The pressures at the entrance and exit of the bend are 210 
and 165 kPa, respectively. Calculate the horizontal (x and y) com- 
ponents of the anchoring force needed to hold the bend in place. 


FIGURE P5.40 
This analysis is similar fo the one of Example S.N. 


A fired, non - deforming control volume that contains The waker 
within the bd between Sechons (/)and(2)a! an instant is “sed. The 
horizontal feres acting on the contents of the control volume in 
the X and y Oitections are Shown Applicaton of the X-dirtctiy 
component of the Smear meam Egu alfon (49.5.22) leads to 


С” 
Application of the y- direction component of he linear momentum 
Cguahon yields 

M Hee SE, ЫК э ы” 


2 
or 


К, -pAv(v*v)*BA зра, 


“доо =) 


= (e EI (ет г) =) 3 
52 


(065 RPA )( 9000 то") 


Є /000 am) ы 
/000 N. 


m3 RFA 
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5.41 Water enters the horizontal, circular cross-sectional, sudden 
contraction nozzle sketched in Fig. P5.41 at section (1) with a uni- 
formly distributed velocity of 25 ft/s and a pressure of 75 psi. The 
water exits from the nozzle into the atmosphere at section (2) where 
the uniformly distributed velocity is 100 ft/s. Determine the axial 
component of the anchoring force required to hold the contraction 


HFIGURE Р6.41 


For this problem we include in the control volume 


the nozzle as well as the water at an instant between sec Hans 
(1) and(2)as indicated (n the sketch above. Те horizontal 


forces acting on the contents of the contol volume are shown 
in the sketch. Note that the. atmospheric forces cancel out 
and ave not shown. Application of the horizontal or X- 


divection component of the /ineay momentum equation (ёу. 6.22) 
to the flow through this control volume yields 


-upu A, t а, ри, й RA, -E - pA, M) 
From the cmservalón of Mass еўиай ( 3.5/2) we obtain 

m + (04, A, = оц, 4 
Thus ëg.) may be exgessed as 

yn (a= )7 PA, - Б № Й | 


- Lond 2 $ 
E » BA, -P^ + m(u,-u,) =P L^ -R e -pu TP: (oy us) 


or 


4 (144 in. 
fr* 


(TE tb (94 sat os E) TE: 
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of each is atmospheric, and the flow is incompressible. The 


а 0 contents of each device is not known. When released, which 
5.42 The four devices shown in Fig. P5.. rest on friction- devices will move to the right and which to the left? Explain. 
| less wheels, are restricted to move in the x direction only and 


are initially held stationary. The pressure at the inlets and outlets (/) { 


— — = = = 


we apply the horizontal 
component of the linear 
momen turn egua fion to The 
contents of the control vohime 
(broken lines ) anid delerm,se the А eee 
Sense of the anchoring fore F.. +. rr E rv 
hia 7 Is m the direction (o 
Shown in the sketches, motion FIGURE P5.42 
will be to the left. IF Б is 
yn a dieclion opposite to that Shown, the mohon is fy the 
right. Lf En, There. is no horizontal mohon . 
for sketch (а) 
MORALA ШЕШ | 
Since Е is to the left, mofo 1S Jo the right. 
For sketch (6) 
-V,CYA, + [А ек 4, = Б 
and from constrvato, of mass 
fv, d, HP Ax 
and See y > v, , then Б, is to the left an mohon is to Me right. 
Fo skeld, (су (note: flow is mt CV ef (1) 
-V~ VA = E, | 
and n fhe lef? se maeffon ıs %Ф the rig 47. 
For sketch (d) 
“hel aw 4 PKA, =A 
and hom conservation of mass 
OKA = PV, А, 
and ук; 


50 F is to the right and me ion РЕ. o 75e Jet. 
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5.43 Exhaust (assumed to have the properties of standard air) 
leaves the 4-ft-diameter chimney shown in Video V5.4 and 
Fig. P5.43 with a speed of 6 fUs. Because of the wind, after a few 
diameters downstream the exhaust flows in a horizontal direction 
with the speed of the wind, 15 ft/s. Determine the horizontal com- 


ponent of the force that the blowing wind puts on the exhaust 
Bases, 


m FIGURE P5.43 


For the control volume indicated the Х-сотролел of the 


momentum equation 
(и e V-A dA = Sfx becomes 
GS 


V oV A, = R,, where Ry is the net horizontal force 
that the wind риб on the exhaust gases. 


Thvs To 
Ry = m, Ve where m," pe PAY (ie. тет) 


or m, = (0.00238 MeF (uy |62) = 0,179 sues i 
Hence, А 
R, = 0.179 d (1$ #)= 2.69 mu = 244/5 
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5.44 Air flows steadily between two cross section in a long, straight 
section of 12-in.-inside diameterpipe. The static temperature and pres- 
sure at each section are indicated in Fig Р5.44. If the average air 
velocity at section (2) is 320 m/s, determine the average air velocity at р = 690 kPa (abs) = 127 kPa (abs) 
section (1). Determine the frictional force exerted by the pipe wall on T, = 300 K = 252 К 

the air flowing between sections (1) and (2). Assume uniform velocity = gag ms 
distributions at each section. B FIGURE P5.44 


Q 
Section (1) Section (2) 


This analy s/s Is Similar to the one of Example 5.2. 
For steady tlw Lefween sections (/) and (2) 


(i) 


Assuming that under the conditions of this problem, air 
behaves as аю ideal gas we use the ideal gas 
eguation of state ( Eg. 8) Ф get 


7, (2) 


p Е 
5 


/ 


Combining Egs. 1 and 2 and observing that А, = А, 
we gef 


Е g l. fe fa (abs ) 200 K) P 
V Р, oe [127 2 (abs )] С (320 E 


(690 hrafabs (252K) 
V 
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The analysis for this problem is similar To the one of Example 5/2. 

for the control volume shown in the Sketch above applicaton of 

the axial Component of the (near mome nly Єѕиайоп leads to 
DEA + TAA = pA R- A 

From the conservation of mass principle 


m= AAV = RAV, 
Also the мы equation of State i 


ur 
RT, 
Á^ 


LOCO ма-а) 


2” m tns X (eem N „Ул. 3202 00 N ҮҮ, м 
28697 \(252K 0 Í N. Mon) hen A % т 
49° io. K $ 


- 30300 N 
бева iaa) 
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5.45 Determine the magnitude and direction of the anchoring 
force needed to hold the horizontal elbow and nozzle combination 
shown in Fig. P5.45 in place. Atmospheric pressure is 100 kPa. The 
gage pressure at section (1) is 100 kPa. At section (2), the water ex- 
its to the atmosphere. 


ру = 100 kPa 
= 215 


BHFIGURE P5.45 
The control volume shown im the sketch above is used. Applicaton 
of the у adivechon component of the linear momentum equation 
yields 


Ky TM 


Application of the x direction Jlınear momentum €guation leads 
to 


-U pu, A, = и, pu. ^a = PA, t KA, 
From the conservation ОЁ mass equation 


"m = P4,A, = „А, 
Thus 


R, = P4A (ина) + BATRA = PB ze) £24 vM, 


m C me . [e (300 men) 
a^ «(n ji 2 “йе 77 f 2) 


+ (100 fa ) Tr (300 mm) 1000 N — — 
Ld (1000 бе] 2) 
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— 
| 


Атед = 1 m? 


V= 15 m/s 
=<Area = 0.3 m? 
\ 


5.46 Water flows as two free jets from the tee attached to the pipe 
shown in Fig. P5.46. The exit speed is 15 m/s. If viscous effects | 
and gravity are negligible, determine the x and y components of ће — 
force that the pipe exerts on the tee. 

BFIGURE P5.46 


Use the Control volume, Shown. 


Foy the X - component of the force exerted by ihe pipe 
on the tee we use the x- component of the linear 
momentum egua fion · 

eA, + ele, = РА, ВА, р (А-А) E 


(о fu BAA) +6 


ЕР А E (1) 
L ge* V We use conservation of mass 
Q, = A> + G5 
a Av, =ALV, + A; Vs 
so V = at Ase a CODO G) + (oem Ye má) a 
/ кёз. TS eS BEL eB А 
A, 


Jo estimak Р, 


/m™ 
а, WE “ге Bernoullis eguahm hr How between (Лапа) 
Фае 


2 
Pase J и М А + % 
a > e 


y” 
= т Е m) (1 N. » 
m А е (Ss J (m ү E 0) kg. m 


2 oo N 
P gage i A ol т? 


Now usin 0) we get: 2 
ГЄ" 8 fog yor) (ym este] g) 
» (#%5® © )й т") + Р, 


ov -72 Coowe Ё 
1 X 


So Е. = 72,00 <— 
For fhe у componente of the torr exerted by и pipe on the fee we use Hu 
Y Competent of Che linear momentem egrahm yo get А 


Vou 4,2 6 
(is p ea Vis eau) = 67,400N f = F, 
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5.47 А converging elbow (see Fig. P5.47) 
turns water through an angle of 135? in a vertical 
plane. The flow cross section diameter is 400 mm 
at the elbow inlet, section (1), and 200 mm at the 
elbow outlet, section (2). The elbow flow passage 
volume is 0.2 m? between sections (1) and (2). 
The water volume flowrate is 0.4 m?/s and the 
elbow inlet and outlet pressures are 150 kPa and 
90 kPa. The elbow mass is 12 kg. Calculate the 
horizontal (x direction) and vertical (z direction) 
anchoring forces required to hold the elbow in 
place. 


A Conlro volume that contains the elbow and the wafer within the 
сірат between sections (1)@nd(2) as shown in tae sketch abwe is 
used. Application of the horizontal ov x dwechon component of fhe 
lineay momentum epalim yields 

- u, pu, A, - V cos 45 pA, - Ga + pA oss ° 
From conservation of mass 

m = 2и, А, = КА, = pa (1) 
Thus 


Fp e PQ + pO as d5* At А ex s^. e блг 72, 
AX A, Ӯ. es i "бе" C3 "убив" 


Р = (199 yon m pep. sees 


(2.00 m)" 
+ Y С hfe am) 


1000 mm > 
FI 


(50 P )(400 mm)? (dt fs 3 (200 ma) tos i. 


- 25700 M 
Ах эон АЫ 


Application of the vertical or Z direction Component of the haear 
momentum equstion leads fo 


~V, sin Ví РИА, = РА, sin 45 a -W- Wa 


which When combined wrth Z4. / gives 


2 Q sin 45 Q shes? ET Iss ў. 
nz Fi in + BA sins” - + W- W = EZ: Sin 4/5 + A д? A! m9 
(con't ) 
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=f о > ә 
F =@#® vr } site f м 60 kfa т (200 тт ine 
Az m3, 5 2\ Rea} + A 
i 7 (200mm s & [1000 put) 
z (7000 тт? д 
m 


fn ing aN 


$920 N 
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5.48 


5.48 The hydraulic dredge shown in Fig. P5.48 is used to dredge 
sand from a tiver bottom. Estimate the thrust needed from the pro- 


peller to hold the boat stationary. Assume the specific gravity of the 
sand/water mixture is SG = 1.2. 


BFIGURE Р5.48 


Using Jh control volume shown by the bre lime. 


the sketel, above we use the horizontal or x Component 
of the (меат momentum Barton 72 ger 


FFA Ki vee 6, 5°92 LES 4 М cas 30° 


25 sechon / i К! flew enters fhe tmie/ volume 
verbally and sectim 2 is where tlw leaves Re contro! 
Vokeme at an angle of 30° fam He horizontal divectim. 


Note that еге is no horizontal divectim Dear 
momentum flow at section ,. 


E = (94 ati Yi 4) т AT zs a) (30 f so н) ЕЕ даша! 


Ртг 
БЗ 650 /6 
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5.49 А static thrust stand is to be designed control volume 
for testing a specific jet engine. Knowing the fol- ^g 
lowing conditions for a typical test, 


intake air velocity — 700 ft/s 
exhaust gas velocity — 1640 ft/s 
intake cross section area — 10 ft? 
intake static pressure — 11.4 psia 
intake static temperature = 480 ^R 
exhaust gas pressure = 0 psi 


~~ 


estimate a nominal thrust to design for. 


The analysis for this problem is similar fo the one of Example S.H. 
A control volume that contains the entire engine and the 
fluid in the engme& as indicated n the sketch is used. 
Application of the horizontal or X direction component of 
the linear momentum equation leads jo 


A, × 


“th eu, A + up uA. = PA, + F 
or 

TECH 
The conservation of mass Principle yields 


(Q4 А, Р fA t 4, 


Thus 
e" dE ч а.) 
or Sme 
= Ё 
ge & 
then 
giu Ж GARD SM, 
Ax Ж Ib 
гү Й, ooft le a (4 
Fox >) (7e р € ^ | z slug. tt 
РИ J716 ft-lb \(480°R) " 
slug. R 
- (+ 5 L^ - 14946 fn ses yore) 
Gnd 
p = 17 FOUR 
AX т=з== 
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5.50 


5.50 A horizontal circular cross section jet of 
air having a diameter of 6 in. strikes a conical 
deflector as shown in Fig. P5.50. A horizontal 
anchoring force of 5 Ib is required to hold the 
cone in place. Estimate the nozzle flow rate in 
ft'/s. The magnitude of the velocity of the air 
remains constant. 


Contvol volume. aiff rene 


FIGURE Р5. 50 


The control volume shown in the sketeh is used. Application 
of the axial or X-dlvection Component of the linear 
momentum eguation yields 


- 4, pu, A, + а, еч, A, = eF 


Wilh the conservahün of mass principle we Can conclude 
for this mcompyessible flm, that 


u, A, E а, А, = Q 


Also 
и, = W cos 60° 
and 
u əv = © 
Thus ә 
-Ve Q + Veos go’ pQ = -Ex = - BP + 2 eos 0° p 
Or ^, 9 
а = | тА CL (2) 
pm 60°) Pl- cos bo") _ Co s 60") , 
Thus (5 /L ) (2) (em) А 
و‎ РИС 
с орула 
Slug á 
and 
a =m 2.7 H 
-— ә 
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5.51 
section(2) 


5.5.1 A vertical, circular cross-sectional jet of air strikes a con- 
ical deflector as indicated in Fig. Р5.5!. A vertical anchoring 
force of 0.1 N is required to hold the deflector in place. Deter- 
mine the mass (kg) of the deflector. The magnitude of velocity i 
of the air remains constant. K- control 


SEER. section () 


V = 30 m/s 
FIGURE P5.5! 


To determine. the mass of the conical detleclor we use the 
Stationary , non- КД, Confro/ Volume shown in the Sketth 


Above. Application of the vert’ca/ A/rechon Component of 
the lincar momentum Cg lation CEG. 5.22) tp tne contents of 


this control volume yields 


7 /- 9 = -F = 
и (-V, + V cas 30°) y" Ww 


Соле 
or К 
= = m(U- 0 = = AV/fv-v A 
cone i; T 9 m / А cos 3 °) =p IIR. c3 j (i) 
However 
4 =4 
and 
A, = TO 
7 
Thus &3./ can be exyvessec as 
m = еб, 4 (U - И cos 30°) - a 
cone 49 
or ^ 
m ы (23 ۶) r Orm) {3 £] 2-e ld — DIN 
cone Nu" (7' e a 
m (®)(@%.ё/ 2) Nive) 
and 
= £.f06 
Cone J 


5.04. 


5.52 Water flows from a large tank into a dish as shown in 
Fig Р5.5 (а) If at the instant shown the tank and the water in 
it weigh W, Ib, what is the tension, Т}, in the cable supporting 
the tank? (b) If at the instant shown the dish and the water in 
it weigh W, Ib, what is the force, F5, needed to support the dish? 


Far pant (a) we. apply Te verpcal 
component of the lintar 

отел tum eg uation 4p the content 
Of imt volume, A, CY „де? 
Е 2327 As ч = d (1) 


To get value of Val: we apply 
Bernoulli ' esuahon 


BFIGURE 


PS.52 


Je fh. tw trm the bee surha of (hu 
Water in [he dank to the tank out le Jo get 


Vout = V29% = MOI £ Me) 


= 25. id 
Then vi ы we get T5 E 
чуг = a / 7 
/ d 
do. Б” 
диг! 


Tews 9.8 lé 
For part (b) we «prb, We apl, Ma vertical component of fhe иеди momentum 
едил to the Ges of Cv, ‘to gef 
| ) 
Miedo дь = oS И C 
Cv Cig : 
To get См we use &gernos/, ^ $. eg uation between pee surate of 


Wade in A 4o tree surfaa at wake club е get 


oe Ду Z alh thg) = Siia 2f Joe A = 376 f 


fv m к we use fom tensor ter, of mass , аэ n E РИЙ eu? 
Ch <% tank 
So frm Ege (2) we get 


(37. £ um 7 yes 8) ад re) 26-0. 


2 nct F, = м, + 411b 
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5.52 Two water jets of equal size and speed strike each other as 
shown in Fig. P5.53. Determine the speed, V, and direction, 0, 
of the resulting combined jet. Gravity is negligible. 


Vo = 10 ft/s == 


ШЕ FIGURE P5.53 


For the control volume shown In the Sketch above the leat 
Momentum equation for the x and y directions dye / for 
the x direction 


-V2 eV, A, +(@VosedeVA = О (1) 
and fov Ws y direchon 
7 M pl Gs sine) eV^ = © (2) 


Also for conservation of mass we have 
eV, ^, + PVA. - OVA = 

From Eqs. | and 2 we qet 
Va Aa ы 58 _ 


(з) 


—— x OI 6 
VW A, an Ө 1. 
30 M S " (OF 
Ө = cot Vi, — cot [EE q . de? 
NPA, a 1) 
(10 & ) T (oi 


New, combining Eqs. 2 and 3 we get 
-V A, + V sine (МА, e AL) = O 


EE ^ 
sind G, A А) 
ү Р (10$) a cuth 
( Sin 45° 0e4 tt) m: v (ofi) 4 (10 9) ты | 
and 


<=. 
(1 
i 
o 
| 
“0 


$ SF 


Section (2) 
5.54 Assuming frictionless, incompressible, one-dimensional 


flow of water through the horizontal tee connection sketched in өз з Is 
Fig. P5.54, estimate values of the x and y components of the 


force exerted by the tee on the water. Each pipe has an inside PAL 
diameter of 1 m. 


FIGURE P5. 54 


We can use the x and y components of the linear momentum 
Cguation @ &. 5.22) to determine the x and y com ponents of 
the reaction force exerted by the water on the tee. For 


the contol volume contaming water sh the fee, Ба. 5.22 leads 
to 


" 


2 
Арага кт + ура, 0) 


and 2 а 

Ry ЕЕ = Б + меб, - иб, (2) 
The yeaction forces in Egs. lamd2 ave actually exerted by the tee 
on the water in the contr! volume. The reachon of fhe water on 
the tee js egual th magnitude but opposite ih dwectian . 
Conservation of mass ( 64. 5.4 ) leads do 


4,-Q,-Q = © - VTO? = O фт) б) = 5.280 т? 
2 3 l > 7 E 5/4 E 


Also 1 x 
е dx = (Ёр) Em) = 4.7/2 n 
Further 5 (628 in? 
9772 
K? =, "EZ £233 m 
2 T (1m) 
aud 4 E 
= Ё Po t 
А ч . Í ie i = 12.73 m 
ч unu d 
e d 
(con't ) 
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5. Sy con't ) 


Because Jhe How i$ ih compressible and frictionless we assume that 
Bernoullis eguaton Ü Eg 5 74) is vahid thrrvghout Yat. control volume . Thus 
-3 
e 3.81. (999 %2 * д. i17/^ Mo kf 
Be pt £v) = 206 + : me Jt m) (2 ne E ey Cy. 
or 5+ m 


R = 137 Ж/А, 


Also б“ ; v 23 
pnt Af) = 2th + EEL NL 
4* т 


2 


Or 
Р = 195.3 f 


к M * fbm 2 
R = СЭМ m) + M Л inmh ors = 1950n = BSN 


and the x- Фе Component of doe exerted by Ж ш: on The 
tee is _/85 RN. 
With &.2 ч 
=f Nm m) _ (7 М) T (Im) 
Ry (i 95,300 М Jg Im) { 37 000 x) 2 (im) + (6.733 т Jr t 52 


т? 


o 7 (6.733 eee Rg гг”) Ro 0 
m3? s 27." 
52 


Ry = -45 $00 N = - S.L RKA 
and the y-direction component of force exerted by the water on 


the tee is * "5$ АМ. 
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5.55 Determine the magnitude of the horizontal component of the 
anchoring force required to hold in place the sluice gate shown in 
Fig. 5.55. Compare this result with the size of the horizontal com- 
ponent of the anchoring force required to hold in place the sluice 
gate when it is closed and the depth of water upstream is 10 ft, 


BFIGURE Р5.55 


This analysis is similar to the one of Example 5.15 The 
Control volumes of Fig. Є 515 are approprrake tor use 

in solving this problem. When the sluice gate /$ Closed 
(see Figs. E5-18@ апа E 5./5C ) application of the X 
direction component of the linear momentum eguation 
leads fo 


2 
2 
= wh = Ж 2 & 101+) = 3120 le 
R= 15И = Ae BNC ) is 


x 


#7 
When the sluice gale is open (ste Figs. € 5.150 and E5.I5d) 


application of the x direchon component of the /mear 
Morne ntn eguation leads fo 


2 
е 2 2 2 LA x 
а ДЫ fhe fau p4h 
The exit velocity U, may be expressed in +erms of the inlet 
velocity и, with the conservation Of mass eguation as ftollavs 
= И Н 
^h 


> 


= 1 * a 
Kur zi um + you, H - ou, Г 


Assuynin 09 E n negligibly small, we obfamn 
= 1 (62.4 16 yi0 ft ) .4 lb \(1.5#/ j 
LE (62 E 2 2 (ёг а е 2 


2 p 3 
v (rt gr ye grae) em ay f (10) f 6. ) 
СЕ KOR ng ( m Hise) slug. Ê 
s> 
> 1290 Ё 
к, ft 
Thus it fakes considerably less fwa fo hold in place the 


sluice gate when it is opened as compared Ф when it /s cared. 
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5.56 


5.56 The rocket shown in Fig. P5.56. is held stationary by the hor- 
izontal force, F,, and the vertical force, F, The velocity and pres- 
sure of the exhaust gas are 5000 ft/s and 20 psia at the nozzle exit, 
which has a cross section area of 60 in.?, The exhaust mass flowrate 
is constant at 21 Ibm/s Determine the value of the restraining force 
F,, Assume the exhaust flow is essentially horizontal. 


 BFIGURE P5.56, 


The control volume contains the rocket and the fhid within the 
rocket as dicated in the sketch. Application of the x 


direction component of the linear momentum equation yields 
o because the rocket is stationary 


А и раё + V,oVA, = s uL Da 
Cv 


Ви? 
m = PAV, 
thus 
Е ERA s vm 
2 Sooo tt 21 d 
E, s (20 & - л le) ( 2 * {#22 ft 
^n. in. №, z 
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5.57 A horizontal circular jet of air strikes a stationary flat plate as 
indicated in Fig. 5.57. The jet velocity is 40 m/s and the jet diameter 
is 30 mm. If the air velocity magnitude remains constant as the air 
flows over the plate surface in the directions shown, determine: (а) 
the magnitude of F, the anchoring force required to hold the plate 
stationary; (b) the fraction of mass flow along the plate surface in 
each of the two directions shown; (c) the magnitude of Е, the an- 
choring force required to allow the plate to move to the right at a 
constant speed of 10 m/s. 


BFIGURE P65.57 


control volUme 


The non-d eformng contro! volume Shown m the sketch above is und 
(а) To determme the magnitude of Ё. we apply the component of the 


linear momentum eguation А мш 5.22) along the direction of Ёд. 
pus, J @ЎЛай - £ ly, 


A 


1 


a 
m V. sin 30° = pA; и. V. /. sn 30° = „ж V. Sin Зо? 


A 

or Ра 
E = (23 ® A) 2 о 2) фу 30° @ 5 = 0.69 А 
А 23 E 


(b) To determine the traction of mass Pkw aie the plate Surface in 
each Of the 2 directions shown m the sketch above, We ариу the 
component of the Imear momentum equation parallel fo Me surface 
of the plate, 8 پا‎ dA =E Fy, fo obtain 

E mur. e ) 
Кы pie = I lh 770 7 P; Vi соз 30 н 
Surface 


(cont) 
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[5.57] kort) ш " 


Since The air velocity magnitude remains constant, the value of R 


; along де 
is sero" Thus from &g./ we obtain Surface 


E" е - и. HV. e 
m, = m V m; V; C05 30 


nV. (2) 
Since 2 


2 2 
=y =W; , £g-2 becomes 
m =m,- n; Cos 30 Съ) 
from conservation of mass we conclude hat 

т, т N E 3 em» 
Combining E45. 3 and 4 we get 


m: -M — иь cos Jo’ 
uc Да: 3 б 


3. 
\ 


m. (1-530) ± т. (0.0670) 
ат TS oer 7 


Qnd 
m = mgr- 0.067), = M, (0.933) 


Thus, m, ınvolves 93-37, 4 т; and m, involves 6.72, of m.. 


(C) To determine the magni tude Of 5 required To allow the plate 
Yo move Jo The right at A constant peta af 10 2, we use 
а non- deforming Conhol volume dike the one in The Sketch 
above that moves 7e Mme righ wilh а speed of /Q i 
The translating солљр/ volume haear momentum Cpuation 
С63.5:29) leads Yo 


2 , 
p = AZo) O6-jpj suat 
7 


РА 
go. (arp) Сене) (+0 2 -10 Jeri set м 
А 4 3 hy. m 


a = 0,34 N 


— 


* Since И =V * V. and р, = f = fs and Z= 2,223 (f follows that the 
Bernoulli eguation is Valid trom 1--2 and 1—3, 


Thus, there are no viscous effects(Bennoull’ equation ix Valid only tor 
inviscid thw) so that ®=0. Hence, Ralong plate = C. 
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5.58 


5.50 Water is sprayed radially outward over 180° as indicated 
in Fig. Р5.5 8. The jet sheet 15 in the horizontal plane. If the jet Sechion(1) 
velocity at the nozzle exit is 20 ft/s, determine the direction and 
magnitude of the resultant horizontal anchoring force required 
to hold the nozzle in place. 


x 
FIGURE P5.58 


The contol volume includes the ^033le and wakr between sections 
(1) and (2) вз indicated m the sketch above. Application of the 
у duwecton component OF the linear momentum equation у) ells 


Ler hae = = 


„у 
2 
or S rfe v cos ө)(м) ^ R de = f hR Gut ло) 
айа r s0 
А == 


/ 
Application of the X directon component of the linear momentum 
eguation leads № 


i u p V. fida = F 


Tr 2 
or fos df (gos e) («) bd = PAR; (coso - cos m) 
Ax 


/ 


ff 
and l (0.5 in. ) (8 in.) (20 Hafa 1 
а Pu cx Te E 
Ax PTS (ё) ) (7) Le 


= 431 
^ = 
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3. 57 


5.59 Asheetof waterof uniform thickness (h — 0.01 m) flows 
from the device shown in Fig. P5.59. The water enters vertically 
through the inlet pipe and exits horizontally with a speed that 
varies linearly from 0 to 10 m/s along the 0.2-m length of the 


slit. Determine the y component of anchoring force necessary to 
hold this device stationary. 


ne 
ص‎ 


m FIGURE P5.59 


A control volume that @ntains the box portion of the device 
and the water in the bex as shown in the sketeh above is used. 


Application of the y-direction Component of the lireav momentum 
equation yields 


0,2 
223 A а 
E | vr eV. da - e| у hdx 
sit 0 
The variation of uv with x 1s linear or 
= 5O m 
АГ х = 
Thus 0\2. 


0.1. 


1 2. 2 
ET ? | Cox Jh a = e (so) hx | 


0 

or 3 
2, 
77 - (onu 5o + Коо) (02) (i N,s* ) 
m? 3 kg, m 
and 
= 66,6N 
Me 


653 


5.60 А variable mesh screen produces a lin- 

ear and axisymmetric velocity profile as indicated 

in Fig. P5.60 in the air flow through a 2-ft- 

diameter circular cross section duct. The static 

pressures upstream and downstream of the screen К 

are 0.2 and 0.15 psi and are uniformly distributed Z LUAM 
over the flow cross section area. Neglecting the МАКО 
force exerted by the duct wall on the flowing air, I 7-02 psi P2 = 0.15 psi 
calculate the screen drag force. Wë IN NUS 


FIGURE P5.60 
Application of the аха! com ponent of the linear momentum 
eguation to the How through the contrel yolume shown tn the 
sketch leads to R 


-VevA, + | 4eu, гта = PA- R,- RÀ 


e x 
о 


2. л. z 4 
= V TD = à T D E- T 
К, P~ ^s erf | (e 5)" 4 + p, ae (7) 


0 4 
The value of Ung, may be obtained from conservation of mass 
as follows 


b С в) = 150 tt 
ps "NE 5, 


(2# (1 % tay aper 
К = A wrest тр. iz fo gjel r eft ez) л тш яу) enfin 


+ [0-2 lk 4 e ers i) o 4) ls r e) 


£P? 


5.61 Water flows vertically upward in а сіт 
cular cross section pipe as shown in Fig. P5.6. 
At section (1), the velocity profile over the cross 
section area is uniform. At section (2), the ve- 
locity profile is 


Rowan. 
У = К 
«( к”) 


where V = local velocity vector, w, = centerline 
velocity in the axial direction, R = pipe radius, 
andr = radius from pipe axis. Developan expres- 
sion for the fluid pressure drop that occurs be- 
tween sections (1) and (2). 


FIGURE P5. 6! 
The analysis for this problem is similar үр the one of Example 5.42. 
The control volume contains the Fluid only between sections (/)and(z) 


as indicated in the sketch. Application of the vertical or z 


component of the linear momentum equation leads тә 
R 


-w, pw А, + [ере erar = PA = ени 
Thus о 


2 2- 


К 1 
Р-р = Ke -ow + enf fe x) ра Sw (] 
z A e Er 1 c R Av 
The weight of the water in the control volume may be expussed as 
W, = go h 
The volue of w е "ay be obtained fram the conservation of mass 
equation as follaws , 


pw A, = [е ( & F) ‘anrdr 


t 


WwW = 6 А, 
27 f (e гуна E 
ү thes a [G9 rdr we substitute 


x = K-r 
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(con't) 


and R i 9. 4 1 _ 44 1 
[ (GE) rar = - [x (i-os) R 4% "e (s) 
Combining Egs. wae Ana $ we obtain 
_ 60 
MES 29 “, 
Thus trom Eg. / Я R ^ 
1 ri 
ap а Ke — бм е ee ow, СЭ rdr «geh (6) 
А k TR: F^ R? (93)! А K 
R 2. 
A E 
To evaluate the Integral ы rdr we use Egs. and}. 
Nes, 
Thus 


R 2 „н 
= / z HI „= 
g-r) => х'(1-х Rede = LR 
JEE ) rdr J ) 77” 


and &.6 becomes 


- = Re = W + (1.02), + h 
ВВ = pet р Р 
or | 
Р-р = Key 0.029, t goh 


ТА 
Note that in contrast t the result of Example 5. i3, only 
a very small portion of the pressure drop is due to 


a change in the momentum flow between secthons / 
and 2n this case. 
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5.62 Ina laminar pipe flow that is fully de- average velocity, u, with the axial direction mo- 
veloped, the axial velocity profile is parabolic, mentum flowrate calculated with the nonuniform 
that is, velocity distribution taken into account. 


и = и, L – (5 = 
Su a=. 
Кее чис کہ‎ са 
as is illustrated in Fig. PS. . Compare the axial —— 


direction momentum flowrate calculated with the 


FIGURE P5.62 


The axial direction momentum flwrate based on a uniform velocity 
profile with usi 15 
ME = up ü A = ртк“ 


x, uniform 


The axial direction momentum flowrate based on the non- 
uniform ие velocity profile is 


ТА aN Aue perf. ejl) oz) 


' unite, rm 


MF „ pue TR 


ҳ non - 
uni form 3 


To obtain a relationship between U amd Ug we use the 
conservation of mass фый as follows 


pu TR = parr ve [fr ANE) 
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5.64 A Pelton wheel vane directs a horizontal, circular 
cross-sectional jet of water symmetrically as indicated in Fig. 
Р5.6 and Video V5.6. The jet leaves the nozzle with a veloc- 
ity of 100 ft/s. Determine the x direction component of an- 
choring force required to (a) hold the vane stationary, (b) con- 
fine the speed of the vane to a value of 10 ft/s to the right. 
The fluid speed magnitude remains constant along the vane 
surface. 


FIGURE P5.64- 


(alo determine the x-dweefan component of ancharing Force reguired ур 
hold the vane stationary we use the заботу Contyo/ Volume 
Shown above and the x- diechon component of the linear momentem 
Cguation (6g.5-22). Ља, 


= Mt y tos 45 * ) =PA,V, (gt aste) = тё, Ve к s) 


(it slags yo (1 in)" (100 £f) / го £t) poo ft) as +5° ] 1_1 e) 


slug. {t 
С) 1z ay 5? 


/9/ 1 


(b) To defermme the X- divech'on component of anchoring АССА 
JD confine the vane to a CAslan] speed of /0 2 Ye the right we 
use a Chr! volume moving to the right with a speed of /0 
and the x- Aivection component of the linear momenhim egualion 
бу a translating control volame (E3. 5.24). Thus, 


= o 72° о 
= eAW (Ww + ааа, Ww, (W, * Wests?) 2 


We note hak 
Ww = Y- 7o £t = (20 tt d = 90 


Thus, Eg./ leads To 


ft f 
E 5 (1-94 slugs A T my (40 g) efe + 40 Bests if. Slug, f. ing E) 


PIS 4 (12 2) 


146 l6 
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5.65 How much power is transferred to the moving vane of 
Problem 5.65? 


fewer = EV , where from Problem 5.66 Ig = 1843 
Thos, 


_ (ie (0 ) 


(> рь 
5. Һр 


Fower 


u 


(1) 


5. 66 


5.66 The thrust developed to propel the jet ski shown in Video 
V9.11 and Fig. P5.66is a result of water pumped through the vehi- 
cle and exiting as a high-speed water jet. For the conditions shown 
in the figure, what flowrate is needed to produce a 300-16 thrust? 
Assume the inlet and outlet jets of water are free jets. 


3.5-in.-diameter 
outlet jet 


For the contro! volume indicated 
the x- component d the momentum 
egvation 


fu Ж dA =L becomes 
CS 


| y 
о c0 trol aa 
(V cos 30 )e C iM, * V, р(+№)А, = Ry surface 


where we have assumed that <0 on ће entire control surface 
and that the exiting water jet is horizontal. 


Wilh m= PAY, = рй. E(D becomes 
Ry = m(WV, -V cos8) = eh A, (№ - M cos 30") 
Also, AV =A, V, so that 


(1) 


AM 25in* 
Yee =- V = 2,60 ү (2) 


В у combi ning Egs. (1) and (2): 
В, = 01A, (2.60 - £0830") 


or 


2 300 lb ۴ E 
И "ln slugs) (25 p) eye) а А 
Thus, 
3 
QAM = (ne Р) (227 8)» 3.94 
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5.67 (See Fluids in the News article titled “Where the plume 
goes," Section 5.2.2.) Air flows into the jet engine shown in Fig. 
P5.67 ata rate of 9 slugs/s and a speed of 300 ft/s. Upon landing, 
the engine exhaust exits through the reverse thrust mechanism 
with a speed of 900 ft/s in the direction indicated. Determine the 
reverse thrust applied by the engine to the airplane. Assume 
the inlet and exit pressures are atmospheric and that the mass 
flowrate of fuel is negligible compared to the air flowrate through 


the engine. 
MFIGURE P5.67 


The momentum eqvation ( x-componeat) 
Ѓиоў: di = ZR, forthe control volume 


CS > 
shown can be written as 
(I) 


V eC V)A, +(-Vcos30) p V, A; ^^f 74,70 
*(-M со30)е A, = — Б 


or 
E, -(gV A.) V, * (QV. Al, ) № созо" 1 (pV A5) V, сози 


But from conservation of mass 
OVA, =M +0 A; = m = slugs /s 
Also, = so that Eq, (1) becomes 
Б = m (V +V, ces30') =9 21092 ( 309 H * 900 cos 30° Ё) 


Note direction of Бу on engine and engine on airplane. 


N) , 
Pss 000 „— 


on engine on airplane 


5.68 (See Fluids in the News article titled “Motorized surf- 
board,” Section 5.2.2.) The thrust to propel the powered surfboard 
shown in Fig. Р5.68 is a result of water pumped through the board 
that exits as a high-speed 2.75-in.-diameter jet. Determine the 
flowrate and the velocity of the exiting jet if the thrust is to be 
300 Ib. Neglect the momentum of the water entering the pump. 


BFIGURE P5. 


The x-component of the momentum V, с JEN 
equation, tp di "Ah for Af a ү, x 


the control 7А shown Is 


(-V соз0)еСУ)А, (“ed = = Б, 
or 
Б = ри, -PVA со = CUM, ifthe momentum of the entering 


Thus, 
300 Ib =(1.9% MEY, * (3 (2-25 ца) 


water is Neglected. 


or 

И = 612 Я 

and А Р 
Q=A, V. = F(Z n) (6,2) = 2.52 Œ 


5.69 (See Fluids in the News article titled “Bow thrusters,” Sec- 
tion 5.2.2) The bow thruster on the boat shown in Fig. P5.69 is used 
to turn the boat. The thruster produces a 1-m-diameter jet of water 
with a velocity of 10 m/s. Determine the force produced by the 
thruster. Assume that the inlet and outlet pressures are zero and that 4 
the momentum of the water entering the thruster is negligible. 

BFIGURE P5.69 


The y-component of the momentum equation, 
SarpV-A ай =£ fy, for the control volume 
“Shown is, 


(ar eV-A dA t V,pV A = Fy 


(1) 
If the momentum of the entering water is negligible the equation becomes 


E "eV Л, = 999 44 (102 ( (Im?) = 78500 KLA = 79,5 kN 
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5.70 A snowplow mounted on a truck clears a path 12 ft through 
heavy wet snow, as shown in Figure P5.70. The snow is 8 in. deep 
and its density is 10 /bm/fi?. The truck travels at 30 mph. The snow 
is discharged from the plow at an angle of 45° from the direction of 
travel and 45° above the horizontal, as shown in Figure P5.70. Esti- 
mate the force required to push the plow. 


BFIGURE Р5.70 


Jo estimate the eve reguired To push the snowplow we use 
s contre! volume shown in the sketth above amd Eg 5.29. We 


lect the fichon force between the plow and the roa d SUVTACL - 
v. also neglect any се, associated with the Plow deflecting air 


we = tomsider how much hme IS regu irtol fo turn welf/w/ 
136 ° 
Ju. the wer snow “tlw” we get tam Eg. 6.08 
2 0 
£s URNA +w, ws 66°) 
Jince. 
т = pAW, 
we assume W, =W, апої get 
Б 2 pAw (i+ tos 15°) 


Jo ^ч (289 # d )| ( 1+0. 701) 


(3600 Ын ) 


(fe Ше (2= sg, fir 6) ir 
F3 l2 int 
‚н 
(32174 ln = ) 
lb: 5 
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5.75 Water enters a rotating lawn sprinkler 

through its base at the steady rate of 16 gal/min ; Nossa dextt 

as shown in Fig. P5.75. The exit cross section area : area = 0.04in.? 
of each of the two nozzles is 0.04 in.” and the flow 7. 

leaving each nozzle is tangential. The radius from 

the axis of rotation to the centerline of each noz- 

zle is 8 in. (a) Determine the resisting torque 

required to hold the sprinkler head stationary. =i 

(b) Determine the resisting torque associated with й Rs lah onary 

the sprinkler rotating with a constant speed of { contro! volume 


500 rev/min. (c) Determine the angular velocity a - 16 gal/min 
of the sprinkler if no resisting torque is applied. == C3 


FIGURE P5.75 


This is similar to Example 5.17. 

(a) > defevmue the resisting orgue regulied Yo hold the rinkler 
head sfallenar, we use the mement-of -momentum gue 
eguation l Eg. §.50). Thus, 


"E. i _ A 
fer = 5 %, = 24 x (1) 


(16 (% Bf )/ 144 =) 


Я ».* 7. / Ye2 5.. 
z((0.04 in Две 5) ) 


Mi 


With Eg./ we brain 


MENTI TOP UIDES 


(7.46 z )(% 5; ) (i2 t 
= 2,94 Fr 
аб 2.96 177.6 
(b)To defevmine the resisting torgue associated wilh a sprinkler speed 
Of 500 би we use Eg./ afaln. However, with rolan we hae 


min 


and 


For W we use 6" 
3 M. 
E „ {4 galy (194 Be ) 
АШ а Рег 
2Алоззё (2) 0.0# 7m 2073 272 eJ 
al (con't ) 
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COA'f ) 


For U we use 
wv rad 
(8 ر‎ Goo px JÉT RE) = 34.4 f 


/2 ın- LES 

9, (- min 

Thus with £g. 2. we have 

= 6417 £t - 34.0 a = 29.26 B 


U = kw 


CE 

22 

and with Eg./ we obfain A 

/ 
E (2. 29 slugs )(16 2 54 а №. (2f. 26 FO e bog 
74e 9 60 5 LE 
4 2) 4) n Ev) 

anel 


PIS 


r = 135 f- 
Shaft — —— 


(Co defermine +e angular velocity of fhe sprinkler /£ he resisha 


Torque is applied we use the Cmbination of CFS. / end 2 


70 obfam 
И -= W 


£t j- 
е T 5) = 46.2 ey 
(8 m.) 
The rov speed, м, у thus 


Ai = = (043 та) 24) Of) = e те 
27 та 8 
rev 
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TAG 
| r=0.5m Nozzle exit area normal to 
5.76 Five liters/s of water enter the rotor shown in Video V5.10 | : relative velocity = 18 mm? 
and Fig. P5.76 along the axis of rotation. The cross-sectional area | 


| of each of the three nozzle exits normal to the relative velocity is 
18 mm?. How large is the resisting torque required to hold the rotor 
Stationary? How fast will the rotor spin steadily if the resisting 
| torque is reduced to zero and (a) Ө = 0°, (b) 0 = 30°, (c) = 60°? 
| 


EFIGURE Р5.78 


To determine the torgue required to hold the voter stationary 
we use the moment- of- momentum torgue eguali (64.5.50) 


7o0 obtain 
funi “Уш m T Р й) 
We note that 
and g 
M * (5) 
out SA one 
Exit 


Combining Egs. /,2 and 3 we get 


7 = Æ e. cos @ (№) 
shat 
3 Ape is 
exi) 


Jo determine the voor angular velocity associated with Şero 
Shaft Torque we again use the moment- of - momentum Tovgue 
eguation (Eg. 5.50) to obfun , is fie wih rotation, 


E à C - 
[УЛ nd". CE ar Е Cout- ) (5) 
We note that 
o Я e E (2) 
ала 
w = E (7) 
out A 
nozzle 
exit 
(сои? ) 


(con't) 


Combs ning £35.25 6 and 7 we get 


= ae - 
| snag POR fat HOR =, 2) 4) 


Exit 
(4) For O= 2° we use Eg. 9 to gef 


PEE 
pus UP ESOS e (osn ro) m E) жш) 
$i у= 3 
Or (0% =) [SU 18 mm) 


= 23/ Mm 
Thati {E 


From £g. 8 we obtam Jor Dg? 


2 
dw os (E Ls) eos o°) (t000 2, 
F Aros “oud = /@5 n4 
exit 3 12 mm*) ( 000 9, (e. Sm) 5 
(Ау @ = 30° we use Ез. V Ф get т 


A) y hte y COT 
A = (Ht & 4 A=) (0.5m) (tos 30°) (1000 г”) d 


ay. 5 
$ (1000 Шеп) (3) (18mm) 
Thati „жер Сн. 
Fre Eg- we obhun fov eo 0 
w a CP) Gs du LT w gg naa 
3( 18 ma) ( 1000 LT (O. m) = = 


(C) Fy Өз 60° wt use &%.4 toget ay A 
E E) (0.5m ) tos 60%) (1000 Т. 


shaft} ; z у> 
(ae ет) (3) (1? mm*) 
or 
LR cane re 


Бот £3. f we obtain Tov bu 
ure ШЕ Кес”. 


(3) 18» {7 1) Em) 


2, 


= 925 vad 


5.77 Shown in Fig. P5.77 is a toy "helicopter" powered by air 
escaping from a balloon. The air from the balloon flows radially 
through each of the three propeller blades and out through small 
nozzles at the tips of the blades. Explain physically how this flow 
can cause the rotation necessary to rotate the blades to produce the 
needed lifting force. 


As the ar flowing radially our 

through each propeller blade 

turns do flow out Through 74e 
nozzle at the blade tip, 

j4 exerts a tangential fre 
Jo the inside surface of the 
blade. Further ر‎ fhe Velocity 


š ET 
/2cVe45€ of the air wing HW FIGURE P5.77 


out of each nozzle results hs 
additonal force. in the opposite «есй. These two 


jJzvces move the blades Counter clockwise 4s 
Shawn. The r otatin 9 Llades experience a lifting 


dovce ton the ar losing over the blades because 
ot the downward turn ting of the air. 
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Q = 30 m3/s 


5.48 А simplified sketch of a hydraulic tur- 
bine runner is shown in Fig. P5.76. Relative to 
the rotating runner, water enters at section (1) 
(cylindrical cross section area A, at r, = 1.5 m) 
at an angle of 100? from the tangential direction 
and leaves at section (2) (cylindrical cross section 
area А; at r, = 0.85 т) at an angle of 50? from 
the tangential direction. The blade height at sec- 
tions (1) and (2) is 0.45 m and the volume flowrate 
through the turbine is 30 m?/s. The runner speed 
is 130 rpm in the direction shown. Determine the 
shaft power developed. 


FIGURE P5.78 


The stationary and non- defaming Córfrol volume Shown in 
the sketch is used. Equatim 5.53 Can be used 72 defeymine 
to determine the shaft power, Thus 

an A LUKITA (Du) 0 
ia the conservation of mass eguation we Can conclude that 


"m, - pQ = (n 26 mz)- 20 000 = 
The blade hee Pes aye easily obtained as follows. 


U = k w _ (usm) (130 BE) GT RE = 20€ @ 
7 a Reds c Les i a ac SER = ш 


60 3. 4 

min а 
aka (a 5m (130 R JET ы) = бт 
(60,5. ) i 


The tangential velocities, Vg, ad Vg, may be ойун 
with the help of the a bale Р ИРИ skethtd below, 


Ve | 
(con't ) 


5- 70 


5. 78 


(con't ) 


With the velocity Triangle for section (1) we see that 


6, 4 U. Є w sin /0° G.) 
Also 
W COS fo = Vi, 
and „з 
y E 
poe @ ..R Е (s F) А 
" А Se Ил 8 
| m5 21 (1.Em)(0. 455) s 
Thus 
me Ka E] uu 
A = 7448 m 
Cos JO COS /р° < 
and with Eg. 2 
V = Zo. ¥ m А m у o = | m 
e, 2 + ("118 2 ) sin 10 = 216 2 


with the velocity triangle fr section (2) we conclude that 


%2 z U = Wg 2 (3) 


(con't ) 
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5.78 | (con't) 
Also 3 
3o 2 
W со5 40 = Vy, = S e. и LEJ = 255 
2 А 27, 21-03545) * 
айа 
М = Иа . WEE?) sm 
COs #о° COS to? 
Thus fm £4. 3 
v m) simyo = 112 m 


Finally , with Eq. 1 we obtain 


ЖЫ: f (onn 


6 
= mex “wm «= 
n © 


shaft 


-~ /2# x /2° W 


I N 
a) би sing Oe 
55 


= -/2.; MW 


The minus sign means Power out of the contol volume . 
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5.79 A water turbine with radial flow has the dimensions shown in 

Fig.P5.79. The absolute entering velocity is 50 ft/s, and it makes an 
angle of 30? with the tangent to the rotor. The absolute exit veloc- 
ity is directed radially inward. The angular speed of the rotor is 120 
rpm. Find the power delivered to the shaft of the turbine. 


Section (1) Sec tlon (2) 
FIGURE PS.79 


Ihe s fatonary and non- deforme contro! Volume shown m the 
sketch above is used. We use £4. 5.53 то dekrmme ihe 
shaft! power involved. Thus 


V eo = ж TF Vv (1) 
Р? с ey ; 


The mass #low rate may be obtomed tom (2) 


Nn = v = 
“к= Wigs крт, TS 


where 


pt radial component of velocity af secton(1) 


The blade velocity at Sechon (1) s 
77 Fé = (2 +) (120 rev (em же -45,1 ff 
/ Pun 


/ 
MCN 


The values of V, , and V, may be OPfamtd with the help of 
a velocity triangle for the tlw af Section (7) as sketched below. 
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(con't) 


With the velocity triangle we conclude that 
74 = V, sin 30° = И cos 60° = Go tt ет 30") = 2g it 
Then from 23.2 
= 199 vu Mer d ft) zm) #4) = 6/0 slags 
у” x 
Ako with the triangle we see that 
И, = Ves 30° = V, singo’ = (50 ft ) Cos 30 = 43.3 


Then, with Eg. 1 we dbtam 


- (610 sie atin’ / tt АР 3 ft CD 
slug, P 


W ш ж 66x10. ft. 10 
shaft $ 


In horsepwer we haw 


i^ ft 


T : l4 =-/Z00 A 
= - (E43 x0 А IPT. "73 E = Р 


лес? 
5 ‘hp 
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5.80 Shown in Fig. P5.90 are front and side 
views of a centrifugal pump rotor or impeller. If 
the pump delivers 200 liters/s of water and the 
blade exit angle is 35? from the tangential direc- 
tion, determine the power requirement associ- 
ated with flow leaving at the blade angle. The 
flow entering the rotor blade row is essentially 
radial as viewed from a stationary frame. 


"e‏ ہے 
m й‏ 3- 


FIGURE P5. 80 


То determpne the power, М аё ‚ we use the moment- of - 
momentum power egua or (as 4 $3) 72 obtain 


Wart - Uu v. e LRU z Vox (1) 
netin 
We obfain U, from к 
if = EO = (15 ст )(3000 rpm ) (27 ad = 4712 m 
. (100 €.) (фо з. ы 
nn 
7р determme и, we use the velocity triangle Shetthed bel. 
4 
UL 
Ve 2 
W. 
Е 35° № 
to де? 
V 
WY. = U æ ү? 
E i tan 35° (3) 


е 
For V, we use 


Jiters 100 m \ 000 с". 
. 2 DES [pde green у; di де ET some 
r2 A. 2mrh (Гого liter) 2m (15 em 2 em) 
m? 


From Ёд.2 we obtain 
Vo. “7/2 т — Жау = 
у 
Tan 35° 
Thus With Eg. / we деў 


Я = (999 2 likers Yt 12 202 2 
tag” тыс г 
HEP {ee =) 
m3 


5 
3.48 X0 Мм 


WA т 
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5.81 Тһе velocity triangles for water flow 
through a radial pump rotor are as indicated in 
Fig. PS. 1. (a) Determine the energy added to 
each unit mass (kg) of water as it flows through 
the rotor. (b) Sketch an appropriate blade sec- 
tion. 


e e stationary 
^ a NES Control $ 
4 * 
SA Symm ame a 


1 ! 
1 I 
! t Й! 
[| К T i 
! 1 


FIGURE P5. 1 


(а) 7e defermmne the energy per uni? mass added fo the water 
flowing through the rotor we use the moment. of. momentum 
work eguation (Eg. 5:54) 72 get 


Шера 7 ee [^ / 


net in 


UY (1) 


2. 


Өз. 


We vote fram the Sechon (2) Velocity triangle that 


ig = U 


Ө 2. 2 


70 ascevtym PA we noke tan the sechon()) velocity triangle that 


о 
Vo, = Vb tan 30 


( 2) 


From conServahon of mass between sectons (1) and (2) we Cmq. 


that 
eri 4, Н Va a j g A, 
Or 
" A „ Wh uU 16 m 
Eo o 5 a R0 ES ey my мад 
With Еф 2, Vei "ng 2. )(0.577) = 19.49 ms 4 (8m = 
and with ёд. | we obtain s 


Net th 


(Cont) 


ten c ёт) و‎ nf) жел; 


2477 


5.8/ Cond ) 


(b) An appropriate blade sechon would be apprximakly tangen? 
fo the section (1) and зесбол (2) relative velocities, Ww and 
W, The relative How angle hom the radial direchon af 


section (1) is 


2 " tan MU * e, ) y bio Sr eig HARD 294° 


Fi 72 т 


The relative flow angle tom the radial divechon at sechor(2) 
is O°. Jhus, the blade secha is as sketched below. 
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LARLA 


5.82 An axial flow turbomachine rotor involves the upstream (1) 
and downstream (2) velocity triangles shown in Fig.P5.82. Is this W, U, =30 fts W, = 30 ft/s 
turbomachine a turbine or a fan? Sketch an appropriate blade sec- 
tion and determine energy transferred per unit mass of fluid. 
“Ty, =20fts 


BFIGURE жо 


We can determne whether the axial tlw furberrachne 
involved is a turbine or а tan by comparing The direcion 
of the ЈЕ force on the roto blade section With the 
divection of the blade velocity U. Jf fhe lift fra and 
the blade veloci ty are in the same direction a turbine i$ 
volved. If the lift farce and blade velocity ave in 
opposite directions, а fan is mvolved. The divechon of the 
/if* force can be mferred fr» The Shape of thé rotor 
blade sechon sketched to be tangent the relative Hows entering 
and leaving Же vor mw. 
йе entering relative flow ange, f , tà 

0 = n UV. т! OF) _ „4° 

V ( 20 ft £^) 

Thus, the voter blade Sets mel! бойы) ww appropriate 


(con't ) 


5. 62 


con't ) 


Since the lift feme Qcting on each roty blade secton 
is in the same direction as the blade velocity we 
conclude that this turoomachrne із a turbine. 
The energy han levee per unit mass ís the Shaft 
Work por Uuni} mass 2 ш; TETE whith we Can dekrmme 
with Eg. 5.5 4. Thus 


Ш бр = v. (1) 


From the veloci у triangles we. obtam 


“о Жу. - Ù, 

and 
= = 2 2 
Ww, W Аа" 


shat: / 
ft | lb 

“nat = 7 Gof I (cett) + Gott) sinbo® — 30 tt ts 7) 
" . — 868 ft. lb 

shat} pc Slug 

or 
Wn fu z. = БЕВ f1.1L lb - LV i7. ДЬ 
- Slug (32.2 Ье lb m 
бе) 
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5.82 


5,83 An axial flow gasoline pump (see Fig. P5.83) consists of a ro- 
tating row of blades (rotor) followed downstream by a stationary row 
of blades (stator). The gasoline enters the rotor axially (without any an- 
gular momentum) with an absolute velocity of 3 m/s. The rotor blade 
inlet and exit angles are 60? and 45? from the axial direction. The 
pump annulus passage cross-sectional area is constant. Consider the 
flow as being tangent to the blades involved. Sketch velocity triangles 
for flow just upstream and downstream of the rotor and just down- І 
stream of the stator where the flow is axial How much energy is І 
added to each kilogram of gasoline? Is this an actual or ideal amount? | 

| 


Уү'= 3 m/s — Arithmetic 
mean radius blade 


1 
| 
60° | sections 
| 
| 
! 


) 
~ BFIGURE P5.83 


The velocity triangle for flow just upstream of the rotor is 
SKefched below tor the avithmefic mean radius. 


M = 3m 
s 


With the triangle we conclude that 
WwW = M. = (3 2 = @ ж 
5 


and Р 
U = W sih 60" = (6 2) since = 52 т 
Ет { 
| ° fcon't) d 
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5. 83 


(Con) _ 


The velocity triangle for flow just daunriream of the rotor is 
sketched below Tor the arithmetic mean vadws . tor 
incompressible fiw VW, = М. For mean raduis tlw U-V. 


Thus fer relative flow tangent? to the blade we obtain the 
velocity triangle sketched below. 


With the triangle we Conclude that 
ү, e dM - U-V hn = 52 m- @ т.) он = 22 т 


ide 2. 0 2. 2. 
Also 
dI ү абзе 
а ыча wc ета 252 
Wi (7 7) 
ү E i 
Кылык. El. «4 5 
C05 45 Cos 4$? 5 
W > Vx 2 . 3-5. = 3.72 ™ 
Cos Ө, cos $6.2° d 


Using the stationary avid nan-detorming Control volume showp 
above in the first Sketch of this solution and Eg. 5.59 we 
can Calculate the energy added To each kg of gasoline. 
dup © Bene pe кем ) ET = 
This ig the @сфма/] amount of energy delivered to gg. aset . 
However, not 4/1 of it is absorbed by the Gasoline , Some js Jost. 
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SOT Sketch the velocity triangles for the flows entering and 
leaving the rotor of the turbine-type flow meter shown in Fig. 
P54. Show how rotor angular velocity is proportional to aver- 
age fluid velocity. (ые 


e 


B FIGURE e 5.8+ (Courtesy of EG&G Flow Tech- 
nology, Inc.) 


For a section of the turbine blade at radius F the blade 
омех tangential ly wilh a velocity U= Fé. The ЫЕ, 


triangles may be P Shown . 


W2 | 


U №, 


Using £g. 5.50 We get 
Ты er AEE, 
Fw nearly Зет Torat 
O = PNB U = 
$o E Y ats, 
7 


2. 
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5.95 Ву using velocity triangles for flow upstream (1) and 
downstream (2) of a turbomachine rotor, prove that the shaft 
work in per unit mass flowing through the rotor is 
Vi- Vi + UP - Uj + Wi - W 

D 


Wshaft — 
net in 


where V = absolute flow velocity magnitude, W = relative 
flow velocity magnitude, and U = blade speed. 


Any set of velocity triangle tor flow through a turbomachine ту 
row would give the same lesult. We use The triangles of Fig. P$77. 


I | 
2» | pot 
15, الت‎ 


Vy 1 V 
V, 


From the intet flow velocity triangle we get 


2 2 l 
Ves az V ed (1) 
and 
р а РИ Wwe SAY . (з) 
a — а U ) = id am AA / 
Combining Egs. | and 2 we obtam 
2 2 2 
Lr n = W, Y f T v (2) 
Ге) SS 
2. 
From the outlet flow velocity triangle we ger 
i 1 1. 
a. т (4) 
and 
-W p s V-V fs 
(SM ore) eM tUe EMO, (s) 


5.91 А 1000-m-high waterfall involves steady flow from one large 
body to another. Detemine the temperature rise associated with this 
flow. 


This is like Example 5.22. 

Јо determine the femperafwe change we use the relationship 

Ec d me | Ча бу (1) 
Shy 


е 
Where the specific heat , c= / Ss 


equation (Eg. 5.70) fe obtain 


We use the energy 


ú,- U = glz,- FL) (2) 


Combi ming Egs. / and2 yields 


7-7 = 9í?,-25.) 
G 
or 


#/ m \ (1000 m > (2, 4536 E i K № 
ты ж И е у үй =) 
[257 c». Mme) 
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Con't ) 


Combining Egs. 4 and 5 we ведал 
2 — = 
V, LW, F U 


2 


са 
2 


For the set of velocity triangles 


wy py = UU t OMe 
net in 
Combining бу, 9,4 wu? WE obtain 
Ми + u- ut Ww Hw: 
aft — ee 


Anc? т 4 


5 70 


5.70 Is a necessary condition associated with 
application of the Bernoulli equation zero heat 
transfer? Explain. 


From Eg. 5.78 , we conclude that fw application of The 
Bernoulli eguation (Joss = о J 


ГА v 
Înet Ў "n Р u^ 
Thus the heat transter , 4 Por with application of the 


Bernout li еда je ef necessari ly убт. №. 
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5.97. 


5.92 А 100-ft-wide river with a flowrate of 2400 #2/5 flows over a 
rOCk pile as shown in Fig. P5.92. Determine the direction of flow 
and the head loss associated with the flow across the rock pile. 


BFIGURE P5.92 


To determine The directim of flaw we will assume a ДУ 


use the energy eration Gr 506) and cakulek the 
head oss. If the head loss js posi five. , our assumed arte, 
Of flow IS cowed. If the head Joss is negative which is not 
Physically possible, ouv assumed direchrn of Flaw js Wing: 1 


Se, 454/7 the tw 2 Bum right Jo let} ov ham ERE 
роњ) to Point (2) 1m the sketch above, we get | 
Using Ej. <8 КҮТ r 


Awe. pIE SSU a | 


29 
Naw 
VLE йр) - 6 tt x 
А А, (4 41) 00 f?) 


2 
g ( £ 2 ( "m | 
о 2. / | 
/ = M e Мога rU OP a ap | 
bi 00: 99 2 2#) 262. 2( Ң 


h, = 0.32 ft and smee 4, 1s positive , our assumed 
right h left flev is cowect | 


—— 
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5.93 Air steadily expands adiabatically and without friction from 
stagnation conditions of 690 kpa (abs) and 290 K to a static pres- 
sure of 101 kpa (abs). Determine the velocity of the expanded air 
assuming: (a) incompressible flow; (b) compressible flow. 


This is similar Te Lxam ple Бет. 

(a) For meompressible flav, the Bernoulli €guafhan ( Eg. 5.104) 
applied to adiabatic and trichonless Haw fom the stagnahon 
State 70 the static state leads to 


Ve = 2(R - Р) (1) 


Where the ideal pe eguation of State yields 


(2) 
lant2 Fesulk m 
2(g-P)RT, 
ie 


= 2 (290 kPa (ats) — 101 fanis) | (286.9 pe EE) 
E TT T Ec و‎ ae 
690 pla (abs) ( P 


у." 
$i 
= 377 т 
— 6 
(b) For Compress ible A ر‎ €4. 5.4/3 applied w adiabatic and 
frictionless Flew tram the Stagnahin Stak to the забе state 
leads +o 
= FON a2 (з) 
ү = ) ©, e ) 
proces S 


(con't ) 
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Thus p= af 7 


and Combining £27. 7 ancl ¢ deads fo 


е (2+ "JE Xm, (5) 


With The ideal equation of state (C63. 2) бд. 5 becomes 


E kaa 


C 
ua? TA Hf 22 is 


CI. 40 -1 ÁN di y cal 
Jm T 
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5.94 A horizontal Venturi flow meter consists 
of a converging—diverging conduit as indicated in 
Fig. P5.99. The diameters of cross sections (1) 
and (2) are 6 and 4 in. The velocity and static 
pressure are uniformly distributed at cross sec- 
tions (1) and (2). Determine the volume flowrate 
(ft/s) through the meter if p, — p; = 3 psi, the 
flowing fluid is oil (p = 56 Ibm/ft^), and the loss 
per unit mass from (1) to (2) is negligibly small. FIGURE P5.9! 


D = 6in. Section (1) 
control volume 


Section (2) 


The contr! volume shown in the sketth above is used. 
Application of the conservahon of mass eguA 
(£4. 5.13) Yo the incompressible steady How through this 
Cont! vülume leads fo 


а = AV = 4, V, (1) 


Application of tne energy esuation c 24 5.79) fo The How through 
this contol volume yields 


6 2 
LN a da d (2.) 
2 2 2 2 | 
Combining Egs. / and 2 we obfam 
д t LA = F + Li 
f? А, 2 م‎ A 2 
or | j’ : 
? Р E ES (a 
Q 655 — ша a = 
£g : 5 (у ГУ 
1 1 
Q = 268 ap oni д, 2 a 2 2 
CN °» J бе) a 
ip) (“ger TE 
us MI 
Q = 27 fF 
© ج‎ 5 
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5.95 Ой (SG = 0.9) flows downward through a vertical 
pipe contraction as shown in Fig. P5.95. If the mercury Section (1 
manometer reading, A, is 100 mm, determine the volume 
flowrate for frictionless flow. Is the actual flowrate more or less 
than the frictionless value? Explain. 


T 


e 


The volume, flowrate may be obfamed with FIGURE P5.95 
а= AV Ац = TAS THY a) 


1 


l 7 

To determine either "i or V, we. apply the energy egnation (63.582) 
to eie fiw between жине () and (2). ee, neglect 

Ж 2 V +92 * Zu t 44 + Haute - б @) 


^ " net p^ 
"T Egs . / and 2. we obtain 


Da 228 E. " 3 
Af iai )] = + 9(#,-2,) (3) 
To determine BL; we use the manometer eguation tm, 
Sechon 2.6 fo Fam 
nA = 2 4 
= 9^ ( Sot = P g(2,-2,) m 


Combining Eqs. 3 and 4 we get 


agh (бб - 1 


V = 
e 
га, 
G) 
y 
(2) (81 ызчы -1) 
M = [e—a M 529 m 
2. 100 пут 


300 mm | 
and tm £9. / we have i 
а = Wm) 6272) = орт? 

4 


S 


Actual flowrate wonld be dess than the trichonkss value because 
the loss would be greater than the jer Amoun} used above. 


ЕЕ 200 EE ee = 
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5.36 


5.96 An incompressible liquid flows steadily along the pipe 
shown in Fig. P5.96. Determine the direction of flow and the head 0.75 m 


loss over the 6-m length of pipe. 


Assume flow from (1) 75 (2) and use the Energ 
Equation (€2. 5.84) to get for the Contents of the 


Control volume Shown : 


Rene, B+ назд ч 


y y 29 
Thus 

ka E „В а-а = 24> Om ham = E 

io X 


And Since ГА >0 , the assumed dive hon of How Ma correct. 


The flow is uphill. 
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5.97 Water flows through a vertical pipe, as is indicated in 
Fig. P5.97. Is the flow up or down in the pipe? Explain. 


FIGURE P5.97 


The control volume shown in the sketch above is used. 
lov steady, incompressible flow downward frm (A) Ф (8) 
We obtain from Eq. 5n 


Р» и? E Р Vh o 5 
"ORA GA o RUN АЕ Me 
From conservaton of mass we conclude that 
VA = Vs 
Thus fram £4 / 


d 


However the manometer €suation (see Section 2.6) yields 


Ad C gf ^(1- 56) -4] 


/° 


and 
47055, * gh (4+ 56) 


which is a negative quantity since 59 =/36 . 4 negative 
| Joss js not Physically possible so thc fll must be 
| Upward hm В to A. Fr upward Flew the above anaysis 
leads fo NEA 


„ss, = gh (s6,-1) 


Which is positive and therc fore Physi cally reasonable . 
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5.98 А circular disk can be lifted up by blow- 
ing on it with the device shown in Fig. P5.98. 
Explain why this happens. 


Flow 


Disk 
attached 
to tube 


FIGURE P5.98 

Applying the energy eguafion (Eg. 5-82) fo the How tam sechrantt) 
anywhere within the space between the two Circular disks fo 
section (2) at the exit of the flow between the two disks we obtain 


2 2 
ee m 
ё 2 2£ x 


We note that the exit pressure, р, iS р, - Thus, £g./ Lecomes 


"EP 
VES РР a + hss (1) 
Wilh conservahon of mass mg conclude that 


yeu uu 


/ 2 4, 2, 


Which when combined wilh 44. / yields 


Feu 7 Eon 4. loss (2) 


We Coclude with 6-2 that fhe pressures Within The tow бейеу 
the 2 disks are mostly less thar p= py Since BER and 


loss is gmall. An ехе is The Stagnation pressure where She 
tube flow impact on the lover Cp. The less than Abner 
pressure Value of p result in the disk being Ша! up. 
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5.99 


5.99 A siphon is used to draw water at 20 °С 
from a large container as indicated in Fig. P5.99. 
Does changing the elevation, h, of the siphon 
centerline above the water level in the tank vary 
the flowrate through the siphon? Explain. What 
is the maximum allowable value of A? 


FIGURE P5.99 
Ihe volume flowrate through the Siphon is related ¥ velocity by 
the eguation 


Ф = VA 


where A js the constant? cross sechon area of the siphon. Thus 
V is constant throughout the siphon. 

Assuming 5 teady ر‎ cm pressible Shw without fichon {лчу us 7b 
use the Bernoulli equation between any two pots along a 
path line 7Аму 


or 
4 = йб") 


and it appears as iF and thas QA /5 constant and independent 
of the ume of А. 


However, if fhe Sernou/l, equation is wyilfen ty flav between pomb 


ГА 


2 and 3 we obtain 


AE ب‎ 


(О 
and we conctide bat Since BB,» as h becomes lager, p бест smaller 


The maximum value of h is associakd with the min'rmum value of R which is 
{he vapor pressure oF Water. Thus va ae 8.2 


Д - B- Р. s Je (/0/ x10 A )- -(*: 33 X jo? &) 7 | 
ме . ne £2 (G (299,2 ORE i) 
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= 4,060 


5,100 A water siphon having a constant inside diameter of 3 in. 
is arranged as shown in Fig. Р5.}00. If the friction loss between 
A and B is 0.8V?/2, where V is the velocity of flow in the siphon, 
determine the flowrate involved. 


FIGURE P5. /00 
Jo determme the flowrate, Q, we use 
2 = AV = 2 и 
ч (1) 
To obtain V we apply the energy e$ vation (64. 5.82) befwten 
Ponts A and L ^ fhe sketh above. Thus, 


ps Me, 
в г = JA 
МОГТИ ee EE бы fess 


$ NEF in 


= [G22 £ XE f£) TN. 
ы $* = А CS 
OF 0.9 n 

and with Eg. | 


а 
B. = Tv in.) 6.4 g). 0.330 #? 
4 (144 zs | І S 
f meme 


5.101 Water flows through a valve (see Fig. Р5./01) at the 
rate of 1000 Ibm/s. The pressure just upstream of the valve is 
90 psi and the pressure drop across the valve is 5 psi. The inside 
diameters of the valve inlet and exit pipes are 12 and 24 in. If 
the flow through the valve occurs in a horizontal plane, deter- 
mine the loss in available energy across the valve. 


FIGURE P5.(0l 


The contol volume shown jn the sketch above /5 used. 
We can use £g. 5.79 7b defermne the loss m available energy 


associated with the /й compressible ; steady Flow Phy ough this contro! 
volume. Thus 


2 2 
pa = AR o EE 
2 
From the conservation of mass principle 


eh, 


£ 
B-B „зү ЩЕ? 
a "Л ° рт 
a ) 2 
Ib 5 
(50 LL 3 @ od 4) 


l 

4.99 Slags 2 
pli 1.94 59532.21, 
беча 


Y? 
loss = 5600 ft. 4% 
slug 


Slug 
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5.102 Compare the volume flowrates associ- 
ated with two different vent configurations, a cy- 
lindrical hole in the wall having a diameter of 4 
in. and the same diameter cylindrical hole in the 
wall but with a well-rounded entrance (see Fig. 
P5.102). The room is held at a constant pressure 
of 1.5 psi above atmospheric. Both vents exhaust 
into the atmosphere. The loss in available energy 
associated with flow through the cylindrical vent 
from the room to the vent exit is 0.5V3/2, where 
V, is the uniformly distributed exit velocity of air. 
The loss in available energy associated with flow 
through the rounded entrance vent from the room 
to the vent exit is 0.05V3/2, where V, is the uni- 
formly distributed exit velocity of air. FIGURE P5.102 


This is like Example 5:23. 
The volume риа fov each ven? con kguvahan is oblemed with 
Q =4 = THY, Gi 
4 
dna the exit velocity of Cath Vent is obtained wilt Me enngy Graton 
(ёз. $42). Thus, 
о 


2 


о 
y р + 60 z, ) — lor! 


— ———. 


Q)(rspsi)( 144 t) 
Ee ee ee a 
(238x0 Ha (tos) "7 
f^ жу. £t ) 
and wits 6.1 wt obtain هې‎ 


2 ? 
= ри.) Gir) = 30.4 f? 
К enhanc a MR У ) = 


vent Р > 
For the cylindrica] vent in a rounded entame. &.2 leads 7% 
V, = (2 (i5 pri ) Cot т.) 
2.3#уго Slug f le 
| ( zi tos) luf) 
Gnd wilh 6.1 we 02 s s> Р 
кұ i £f). .3 fi 
Uude c HERD. DEEST 


4 (144 n 
ven pet 
à fe ) 


= ep 
г 


5.103 А gas expands through a nozzle from 
a pressure of 300 psia to a pressure of 5 psia. 
The enthalpy change involved, A, — Й,, is 150 
Btu/Ibm. If the expansion is adiabatic but with 
frictional effects and the inlet gas speed is negli- 
gibly small, determine the exit gas velocity. 


Because of the appreciable pressure drop involved in this 445 How 
we consider this problem t involve compressible flav. Bom 
Eg. 5.7/ we obtain 


per» E 


2 тулт „>=: Á 


2740 f! 


5 
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5.104 For the 180° elbow and nozzle flow shown in Fig. P5.40% 
determine the loss in available energy from section (1) to section 


(2). How much additional available energy is lost from section 
(2)to where the water comes to rest? 


p; = 15 psi 
V1 = 5 fUs 


FIGURE PS. /04 


for solving the frst part of this problem, the control volume 


shown in the sketch above is used. To determine the Joss 


accompanying flow tram sechm / fo Sechon 2 63. 5.79 can be used 
as follows . 


, 1055 = А-А 
L f NE 
/2 


x-y Coordinates are speci fied we assume that fhe How 
/5 hori gon ta / and =, - Z = О. Also, E E. = 
Free the cmservahon Of mass 


V = V A, = 
и. r (2) 


2 1 
+ 4 # gz, - 2,) 


Simce 


О E. 


principle we conclude that 


Thus 


2,2 
жк ўз Es GIT. pe-e] 
ZE (е ^ 4 um 


Un mA qi. (5 e gf AN s 
(1.94 a. ا‎ (ame) 


pled, w gd. CER 
c dius 


For the second part of this problem we consider the tow of a 


uid porti cle. fon sechon 2 do a stak of vest, a Eg. 679 leads +o 


2 


x‏ = کک ر 


Note that we Foie: assumed that he P= Py “т Z =Z 
Thus > lb 
121и VI 
255, = күү» ege ) slug. 2 


055 200 fe ee 
г! A Sug 
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5.105 An automobile engine will work best 
when the back pressure at the exhaust manifold, 
engine block interface is minimized. Show how 
reduction of losses in the exhaust manifold, pip- 
ing, and muffler will also reduce the back pres- 
‘sure. How could losses in the exhaust system be 
reduced? What primarily limits the minimization 
of exhaust system losses? 


We apply The. energy Guano (63.529) to the tow frm the 
engine block, exhaust manifold mleta ү» fhe exhaust Systm 


exit to get 
2 з 
Ж, = e x 7 оа - PA + pl loss) e) 
With Eg. | we see that reduchon OF loss in the exhaust 


System results in a lower Value of P; Qua thus ihe engine 
back pressure. Losses in the exhaust Туг cow be 
reduced by Eliminat 9 јат loss Component such as the 
Catalytic converter ana the muffler as i offen done 
(n Face Cars. Howe Ver, noise and emissions legis latim hmits 
the exkn} to which fais kina of loss reduction can occur 

ın convenfronal vehicles. Some loss reduchon can ako occur 
by contiguring the exhaus f Sy Stem piping wilh fav bends 
and appropriate area adistibufions. However, 

veguireménts often leads Jo bends and turns im the plom 
and Costs limit the extend of optimi jing area am bub ong. 
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5.107 (See Fluids in the News article titled “Smart shocks,” Section 
5.3.3.) A 200-Ib force applied to the end of the piston of the shock ab- 
sorber shown in Fig. P5.107 causes the twoends of the shock absorber 
to move toward each other with a speed of 5 ft/s. Determine the head 
loss associated with the flow of the oil through the channel. Neglect 
gravity and any friction force between the piston and cylinder walls. 


From a force balance on the cylinder 


PA, in < 200lb 
or wilh 


fi ү = 200 Ib/ (X (3 1 fiy) 


2d 67 x10" = =25Spsi 


From the energy equation, 


fiath- -h dires 5, where 


2*2 ئ04 ر‎ t 7255 psi, and р. 0 Assume Š = 50 1. 


3.67x10* TR. WE (EY. 
(50 Gok) * 26228) 


= 734 f +0.388 H = 75ft 
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5.108 What is the maximum possible power output óf the hydro- 
electric turbine shown in Fig.P 5.108? 


Turbine 
BFIQURE P85.108 


for flew from sechon(l) fo sechonfz), bg. 522 yields 


2 
И т Чабр = P55 б) 
2 к in 
рш haps Eg./ can be expressed as 
ле? in ne? out 
2. 
2(27-23,)- V, = oss 
het out 2 
The maximum wok or power output is achieved when 1055 =0. 


Thus 


W = m wW 
Shaft shaf} 
^et out net out 


Maximum maxymun, 


2 2 
= OVA = pV T Dı _ [2064 fr lim 4 
PE, "elim (Pre Фуу i "i 


3 Vas, = f 710 Ж 2 )( зол) - (€ Je 


maximum 


ba ) 


е 


s ZA ^ Mm ET а 


net out 
maximum 
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5.16q 
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5.109 The pumper truck shown in Fig. P5.109 is to deliver 
1.5 fÜ/s to a maximum elevation of 60 ft above the hydrant. The i, 
pressure at the 4-in.-diameter outlet of the hydrant is 10 psi. If head 1 
losses are negligibly small, determine the power that the pump \ 
must add to the water. 

60 ft 


10 psi SDSS 
4-in. аьаан алаа nes rere 
diameter 


Hydrant 
BFIGURE P5.108 


Te salve this problem we first use the energy еўи aben (5:589) 
fe^ flay tom the hydrant exi H J о the maximum desira? 
Clevatim of 60 t+ (2!) Jo get А, er у» This case, the pump 


head. With the pump head we can get the pum wer 
trom £4. 595. 7 TIT | 


о 0 2 0 
Шке Bul + Wl 1 
e J29 e 59 | 
2 | 
# = а-2,- 0 – И | 
АР, 27. 


А (та) : Tf) ETE | 
т /2 42> | 
PAP 2 
h, = €oft- alerts) (19.2 €) Hp 
T A Ут | 
(4-4 I) 200.28) 
h; = $2.3 ft ТТЕ 
QURE С dus бын. 
e 9° 5 (sso fil + 
5. hp | 
{ = 5.4 д | 
Wyatt ке | 
net in 


5-105 


5.110 The hydroelectric turbine shown in Fig. P5.1/0 passes 8 
million gal/min across a head of 600 ft. What is the maximum 
amount pf power output possible? Why will the actual amount 
be less? 


From the у egvaljon bu: a = 
Biz "a =) = tz 5 Turbine 

F 1 29g 5 4 f а BFIGURE Р5.1/0 
where / 0, fr $4 and V = % 

Thus, 


h s ixi 2,) +h, + کے‎ ГА 


And the power is given by 


Wy, = Qh =LQl(z, OA] 


The maximum power would occur if us were no losses (h,= 0) 


and negligible kinetic energy al the exit (V, #0; large diameter пей) 
Thus, 


al 
M = fQ(z -z ) = 62. “Б 2 (ex 14 ) о") а) (4001) 
а 


- 6. on! E ote) =-/,21x 10° hp 


The minus Sign is associated with power Out. 


The actual power will be less by amounts correo pod ing to іо 
and exit Kinetic Energy. 
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5.111 A pump is to move water from a lake into a large, pressur- 
ized tank as shown in Fig. P5.11 1 at arate of 1000 gal in 10 min or 
less. Will a pump that adds 3 hp to the water work for this purpose? 
Support your answer with appropriate calculations. Repeat the prob- 
lem if the tank were pressurized to 3, rather than 2, atmospheres. 


PEE ERUDITUS 


| FIGURE Р5.111 


fi +2, d th, a = f ug, +f 3g J where / =0 2,70, 70 and 2222041. 
Thus, 
Oh =h + Bez, 
Also, | 
0 Juoo0gal) 10min] (12) pon) = 0,223 e 


50 that, ft. Ib/s 


=- W 2 I Li c ks 
"E (6242 )(o223 3) ке 


(a) Jf - =2atm = 2(M7 Je )( Вр) = 4230355 , then from Eg, (i) 
Ib 


к 
* (ва 2,4 1) 
Ths p 
h= E“ -97.8 f} =//9tt-879H = 31.2 f the given pump will work for f= 2ain. 


"T = h, +87,8 ff 


(b) If p,= 3 айл = 6, Зо, then 


h, =h, + (8219585. gf = h, +1224 
His? 


Thus, if this pump is to work 


ПОН =h, +1224 or h ®-3{} 
Since it is net possible to have Р, <O, the pump will not work for p, = 3am, 
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5.12 А hydraulic turbine is provided with 4.25 
m?/s of water at 415 kPa. A vacuum gage in the 
turbine discharge 3 m below the turbine inlet cen- 
terline reads 250 mm Hg vacuum. If the turbine 
shaft output power is 1100 kW, calculate the power 
loss through the turbine. The supply and dis- 
charge pipe inside diameters are identically 80 
mm. 


We consider the turbine mlet and discharge fo be sections (1 Јата). 
kv flow tom sections (1) To (2) £4. 5.82 yields 


loss = P-R + ?(z-2,) - ИРА (i) 
79 het out 
Since 
= M 
and 
М shaft 7 ° “shaft 


lov power loss through the turbine we need fo multiply Eg. | 
by the mass Howate, m, thus 


power loss sm (BF) 2 mg (2-2,) - W, (2) 
/° 


net ouf 
However, 
m= = (991 49 (+25 a) = 4246 #9 
| m3 5 5 
Also 
В 2-025 m Hg Mh, 9) = 0.25 m Из. өнү N ) 
т $9 Ag. m 
em Р =- 33 300 М 
2 A т? 
With ёд. 2 
power loss = (4246 „шаш Nt ял) @м® үл» 24. 
a , ДА m 
5 -({/хд М) 
pouty loss = 950,000 Mm ы 990 RW 
S$ کک ے‎ 
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5.113 Я рі = 60 psi 


= 150 ft3/s 
Section (1) bi =3ft 


5.113 Water is supplied at 150 ft/s and 60 psi to a hydraulic 
turbine through a 3-ft inside diameter inlet pipe as indicated in 
Fig. P5.112. The turbine discharge pipe has a 4-ft inside diam- 
eter. The static pressure at section (2), 10 ft below the turbine 
inlet, is 10-in. Hg vacuum. If the turbine develops 2500 hp, de- 
termine the power lost between sections (1) and (2). 


p2 = 10 іп. Hg 
‘vacuum 


FIGURE Р5.113 ойын 
For flow between sections (1) and(2), £45.82 leads To 


power. loss ree (IRA) fex) =, 0) 
PN givin FT net out 
p = (0 m. Hg) EEL nar foa өү 1t % UM WE Ib 
/2 2) Bs £ft £A" 
Also 3 
Ve Q. @ = alog) = 21225 ft 
1 i 2 2 a 
A, TD, 7 (3f1) 5 
4 
From conservation of mass (4.5.3) 
V= VA = VD. бро tt) Gf? 2174 & 
2 fa 1 p (2 ee .5 
From Ёд. | 
п. 708 2) 
power loss = = (194 slugs Js و‎ a“ J+ ii 
A ا‎ 
( 590 £t E lb 1.94 A) 
£+? 
32.2 £+ \{2 ##)//_% 1.22 4+) -(//4# # ү! % 
( yo ) slug. £ u E) + @ à g a kai ee 
- 2500hp 
or 


powew loss = 30] ^p 
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5.11% A centrifugal air compressor stage op- 
erates between an inlet stagnation pressure of 
14.7 psia and an exit stagnation pressure of 60 
psia. The inlet stagnation temperature is 80 °F. If 
the loss of total pressure through the compressor 
stage associated with irreversible flow phenom- 
ena is 10 psi, calculate the actual and ideal stag- 
nation temperature rise through the compressor. 
Calculate the ratio of ideal to actual temperature 
rise to obtain efficiency. 


We assume that the air compressor Operates adiabatically. 
An ideal Compression process is frictionless and adiabatic 
and thus according to Ёд. 5.101, / i$ a constant entropy 
or isentropic process. With Ey. 6.101 we also conclude 
that an асма! adabahe compression Process wilh Friction 
must involve an entropy merase. On temperate - Lntropy 
coordinates, the ideal ard acral Compression processes 
appeay as Indicated im the sketch bela. Also shown /s 


the 10 psi loss th staguation pressure due Ф Pichon. 
70 pia < J2 3 

e n 2 асай" is ideal 

22, M 


CLE 
22 ideal 


We consider the air being compressea To behave as an ideal gas. Then 
from EFG and 5// p Ке fw fhe ate processes 


UNS т xA verte oe 7 _ 207 % 


and /4.7p5ia 
jum 3 1 d 65 UA = 843 д 
d ж) /#.70/© 


LANA 


$- 110 


(tont ) 


Then 
actual stagration temperature rise = ae 
диа 
/ d eal stagnation 7m perature уе = n р ud 
Also 
efficiency = 52 ideal ~ To i 267 Ё 
e сд се 
ww 303 R 
2 actual 9,1 


$- At 


5.116 Water is pumped through a 4-in.-diameter pipe as shown 
іп Fig. Р5.115а. The pump characteristics (pump head versus 
flowrate) are given in Fig. P5.1156, Determine the flowrate if 
the head loss in the pipe is ^; = 8V?/2g. 


B FIGURE P5.115 
fax mm - = Ё We 
Add A M deb. Hag ; where f, 0.20 2,=0, ғ. =12#, 


ү =0, and = Q/A,, 
Thus, 


h, -h,= 2, + S 3 with 
2 V „кй. 
h, = hy = /6-5Q and h, 2822 = ҮН 
Therefore — 
Q 
16-50 = 2 = 
Q A E 


0 


r 3 
(za) +(5)Q-4-0, where g, A” and Qef 


Using the given data ў E g. (1) becomes 


9 
engar] 9 + SQ -4<0 
or 
18.35 Q^ +50 - 4-0 


The positive root of Ер, (2) is Q = 0.350 g 


(The negative root of £g. (2) has no physical meaning.) 
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5.116 Water is pumped from the large tank shown in Fig. 
P5.116. The head loss is known to be equal to 447/2 and the 
pump head is h, = 20 — 40?, where h, is іп ft when Q is in 
ft/s. Determine the flowrate. Р 


(Z)Pipe area - 0.10 tt? 
B FIGURE P5.116 


v 
VALERE RU -h = = +z, Me where д = f. =0, 2, = 13, 2270, sh, 


Tite i kdi and V, =0 
M Zth-he= D 
NOME ZO ta 
h= 2g Ma ids a since и= # 


Hence, Eg, (1) becomes 


2, +(20 -4Q2) - 4 CU (Q42)* 
0r ini L 


A Jefe = 20+Z, , Where ,و‎ A, ff, and Q~ ft 


Thus, with the given data 


lee dou : ^ 0 = 20t38 


or ; 
= Au 
Q=1.67 3 
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5.117 When a fan or pump is tested at the 
factory, head curves (head across the fan or pump 
versus volume flowrate) are often produced. A 
generic fan or pump head curve is shown in Fig. 
P5.117a. For any piping system, the drop in pres- 
sure or head involved because of loss can be es- 
timated as a function of volume flowrate. A 
generic piping system loss curve is also shown in 
Fig. P5.117b. When the pump or fan and piping (д) (b) 
system associated with the two curves of Fig. 

P5.117are combined, what will the flowrate be? FUB ЖЛ? 
Why? How can the flowrate through this com- 

bined system be varied? 


fan|or pump 
piping system 


Н, Head loss in 


H, Head across 


Q, Volume flow rate Q, Volume flow rate 


The flowrate of the Combination of the lan ov pump and the piping 
System represented by the two curves sketched above will corres pond 
w the mtersection of the two curves as indicated in the sketch 
below éecause this conditions Sashes tofh components im terms of 
head and flowrate. 


H | 


| 

| 

| 

| 

I 

! 

о. 

Се. 

System 
То vary the flowrate through the combined system, the piping 
System Curve /5 normally altered as shown be lw by changing 
the resistance to flow of the piping system. This could be 


accomplished, for example with a variable area Valve . 
H 
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5.118 Water flows by gravity from one lake to anotheras sketchedin 
Fig. P5.118 at the steady rate of 80 gpm. Whatis the loss in available 
energy associated with this flow? If this same amount of loss is asso- 
ciated with pumping the fluid from the lower lake to the higher one at 
the same flowrate, estimate the amount of pumping power required. 


BFIGURE P6.18 


д = 80 j£ = 0.170 i. 
( 
т" ЖУ 
For the flow fam sech (а) To secton(b) Eg. 5.62 leads +o 


fess а Qr PC A) ES S 


lor pumped flow fom secthon (b) fo see san (е) 6.502 yields 


Stu 18 /#?) | ez. 
W, peal- Z) t loss] = 147 T (192) ef fod 


net in 
„его P 
ge. _ mo fl 2.02 hp ё; 
shatt J 
net in 
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5.114 Water is pumped from a tank, point (1), to the top of a 
water plant aerator, point (2), as shown in Video V5.8 and 
Fig. P5.114 at arate of 3.0 ft’/s. (a) Determine the power that 
the pump adds to the water if the head loss from (1) to (2) where 
V; = 0 is 4 ft. (b) Determine the head loss from (2) to the 
bottom of the aerator column, point (3), if the average velocity 
at (3) is V4 = 2 fUs. 


mw FIGURE P5. [/9 


(a) The energy equation from (I) їо (2) 
# + +Z, +h -h,= Ё +2 tZ, 


with 
fy = fat И = =0 gives 


: = +2,-2, = 4H *(I013)fl - 51 = 12 ff 
Ts the pump sed" Is 


И P 4. lb h 
= YQh, = 62.4 нз B (з) (jog) 2244 TL Gia) 


(b) The pi - from (2) do (3) 
£d gt Fa h -h = зу RES 
with 
p ДЫЛ эў =0 gives 


г? -| 
hsmzmsAse и. /311 —- اق‎ - = /0{}- 0.042 f} | 
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\ pi = 50 psia 

— Vo = 35 ft/s 
5.120 A liquid enters a fluid machine at section (1) and leaves 
at sections (2) and (3) as shown in Fig. P5.120. The density of the 
fluid is constant at 2 slugs/ft®, All of the flow occurs in a hori- 
zontal plane and is frictionless and adiabatic. For the above- 
mentioned and additional conditions indicated in Fig. P5.120, 
determine the amount of shaft power involved. 


Section (2) 
Section Bi () 


ў рз = 14.7 psia 
y |,—Section (1) Уз = 45 fts 
A3 = 5 in. 2 
pi = 80 psia 
У; = 15 ft/s е 
|l 30in2 FIGURE P5.120 


for the trctionless and adiabatic tow through this fluid machine 
Egs. 5.64, 5.65 and 5.74 lead to 


= m (8 t V п (F и) 3 
LAE 5)- 5 ts LN m, = +r (11) 
net in 
since 
e. V . V a Ø " Я v iow sos Н — 
lal EA WE = (nt nes Jú,- m پا وا‎ т (u,-U, ) 
4 wv м 8 
+ Pn, (ú ú) = 


At section E 


25 7 ia ine 


m, = р 2 Sw _ ine J^ JE 2.125 ңе 


At section (1) 


; a Stage) [30 VP 15 a) = 6.25 slugs 
m, z p A, V, Ё ЖЕ) эз m. Y e м 


Fram conservation of mass 


m, = h-m, = 5 - — 7.125 up. 3/25 fagi 
2. E 


With Ez.1 we obtain 


S ets retis, etia 


nel ^ dae ^ e 


gy feta CUR in. 3". (is a2 P) 


Z 6 


erp PEE). toes 


=-31.1 hp , the net shaft power is ди? (<0) 


as 4# 24 
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5./21 


Section (2) 


5.12| Water is to be moved from one large 
reservoir to another at a higher elevation as in- 
dicated in Fig. P5.12!. The loss in available en- 
ergy associated with 2.5 ft/s being pumped from 
sections (1) to (2) is 61V 2/2 where V is the av- 
erage velocity of water in the 8-in.-inside diam- 
eter piping involved. Determine the amount of 
shaft power required. 


B-in.-inside 
diameter pipe 


FIGURE P5.12! 


for the flw tom section (1) to section (2) Eg. 5.82 leads 


7o 
жы, oe tinet Pepe eye o] 9 


From the Volume flowrate we obtain 


ZI EL 


РТ TU Шы э 7162 ft 
"y Pf iny J 
s 
Thus , trom Eg. / 
W = (1.9% slugs) Bisnis 50 tt 
shaft ft? PP ) 2 
ие? in 
+ Got ee ЛИ n ag EN woe 
zy. & Л $50 Б - 
ev L 
= 28h 
shaft ee 
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5.122 Water is to be pumped from the large tank shown in Fig. Nozzle area = 0.01 m? 
P5.122 with an exit velocity of 6 m/s. It was determined that the Pipe area = 0.02 m* 
original pump (pump 1) that supplies 1 kW of power to the wa- 
ter did not produce the desired velocity. Hence, it is proposed 
that an additional pump (pump 2) be installed as indicated to in- 
crease the flowrate tothe desired value. How much power must 
pump 2 add to the water? The head loss for this flow is 
h, = 250Q", where h, is in m when Q is in m/s. 
BFIGURE P5.122 


where 

&*#%#0, V 0,2, <0, Z7 2m. 

Thus, da 

h, = +2, + 2$ . where № 7 Áém/s so that Q 2А, М =0,0/т (&t/s) 
= 0.06 MY, 

Note: h, = Noumel + ounp2 

Thus, with h, = 250Q*=250 (0,06) = 0.90 4 follows that 


(6 m/s)” 


209895) = 73m 


h, = 0.90m + 2m+ 
so that 


, 3 
W = 0100, <(#.#0хо® у, )(o.04 F ) (473m) = 2.7810? Мт «2.70 kW 


Therefore, 
И, = Womps + Мотуо. = 2-78 KW, with Wonpi = | kW 


4 


Hence, 
Wompz = 2.78 KW = kW = |, 78 kw 


Se] 


5.123 (See Fluids in the News article titled “Curtain of air,” Sec- 
tion 5.3.3.) The fan shown in Fig. P5.123 produces an air curtain to 
separate a loading dock from a cold storage room. The air curtain is 
a jetof air 10 ft wide, 0.5 ft thick moving with speed V = 30 ft/s. The 
loss associated with this flow is loss = K 1У 2/2, where K, = 5. 
How much power must the fan supply to the air to produce this flow? 


BFIGURE P5.123 


z 
fon ths -h, = Le +2, 
where less . Ve 
A8f.20, 2,722, M79, and h, = EE 


W, -Yoh, = eg A, V, Л, =(0.00238 М зз. Ё E io H\o.se(30Lt) (83.944) 


fib 
= 964 = egg) 


shit hin 
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5.124 If ał-hp motor is required by a ventilating fan to pro- 
duce a 24-in. stream of air having a velocity of 40 ft/s as shown 
in Fig. Р5.|Д{, estimate (a) the efficiency of the fan and (b) the 
thrust of the supporting member on the conduit enclosing the 


= FIGURE P5.124 


(a) The solution to this por! of the problem, is hke Example НИҢ 


We use. 
WU shat 


fo Са (с (ае. the. fan effi ciency, 


We use the enoryy eguahin(G.532)b flav throwh the 
Comte volume skekhed above ro calculak The 055 as 


Nehat - loss 


follows 
2 2 
fala V, 42 = Ё + И + ,ڃو‎ з Wr aft — /oss 
ЖЕ" MP me а>: net in 
bat Ra p ted B= ас SO) "ERU 
dE дей In m 
Also he eA спе. т 
So = ^ 
loss = Wshaft — Va = Ap - (А 
in 2. т, V 2 
RT. а 
ff. lb 
2 ——— 
loss = „ыер Кз (о E) 


i EFER rs ш Е. 
L2 4 f Yin- 2723.2 lim #2 
tina) "UE 

aire ES 


(con't ) 


/oss = qu fh _ 24 F ff. h = /2 2 Fe 


^r, Aer Ves. 
E yy EE PRO 
^b o d 7/7298 
/ Ф = 0.56 
## PH. pee 
Mm 
For 


(b) We use the hovizonta! cunponent of the linear 
Momen tum equator, H evaluare the anchoring 
fce regure d № hold The fan 1» phce 


E = Ит 


AX 


Fron рау? (A) 


m e 
id A $3.3 f ci 5 


= 
7 
M. оя) P) _ 147 4 


AX 
(322 lef) = 
5.85” 
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6.125 Air flows past an object in a pipe of 2-m diameter and 
exits as a free jet as shown in Fig. Р5.125 The velocity and 
pressure upstream are uniform at 10 m/s and 50 N/m”, respec- 
tively. At the pipe exit the velocity is nonuniform as indicated. 
The shear stress along the pipe wall is negligible. (a) Determine \ 
the head loss associated with a particle as it flows from the p= 50 Мт? y 10 m/s - 

uniform velocity upstream of the object to a location in the wake 

at the exit plane of the pipe. (b) Determine the force that the air BFIGURE PS.125 
puts on the object. 


(a) To dekrmine the loss suffered by a fluid particle as it fhws 
from (1) [fo a locaton yy the wake at (2) we apply the 
дайа eguation (eg: ibi: to that pepe Fow fo get : 


fe po 
RET 


ds ы 
L 2 29 2 
2 
ri 47 
MCA. m ut. + СДА m) — ( НУ, = at e 
2. 
` (am) 8 2 , (981 22) 2(9. 8 a) 
To determine the head loss associatd with the enlre flow 
Across the Object we use the non- unim thw energy ериабоп 


( £g. 587) for flaw fron, (12 b (2) uis fhe contol volume 
Pot ‚) The уке үр ger : 


— 2. 
К МД. e s " 
y 


From Eg. 586 we gef: n A Ad 
хи v Vv. 
— >. Sz C n dA = 29 = - a 


2 netin h í) 


So 


2 = Жы 
á Ж, PVA 
Es. be ж „ё 
3 (L) becomes V Й" 
2 — pV. n dA 
Ды dra Ж - ce ile 
TUUM ff 7 
LN 


Ma 


(con't J 
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ИСЕ Jn (ez) (^z) ve ا"‎ 
t Ф E) 2/7.42 ) 6 a) (4 Б „@г=)т IY 


h, 22-590 
(b) 72 dekrmine the tree. that the air puts on the object, it 
we use the horizontal Component of the Г, иеде Eo 
Lovato 7o get : 
2 
-pk 4, 24 fes Eum 
= = 
and Thus 
Ky, = ВА, + 


a> (o bol P. аа 2) = АҮ E a 


НСРР 
d dt E mm. Ry 
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5.126 Water flows through a 2-ft-diameter pipe arranged horizon- 
tally in a circular arc as shown in Fig. P5.126. If the pipe discharges 
to the atmosphere (p = 14.7 psia) determine the x and y components 
of the resultant force exerted by the water on the piping between 
sections (1) and (2). The steady flowrate is 3000 ft?/min. The loss in 
pressure due to fluid friction between sections (1) and (2) is 60 psi. 


Volume 


м 


BFIGURE P6.126 


7o determine the x and y components of the resultant Are exerted 
by the walter on the piping between sechon (1) and GJ we use the 
X and y Components of the linear momentam eguaton (Eg $22). 
For the contro] volume Containing the water jm The pipe behween 
section («) and (2), &g. 22 leads у 
z 
ый ИО, Е да, 
y 


and | 
R = BAT Kpa (2) 


The resultant force component in ёт. / Cmd 2 are €xe ved by The 
pipe on the мау. Mme resullan] forte of wákr on pipe 5 e nud in 
magni tude but opparte i| Aivechon. 
To dekrymine P, we use the Energy Eguallm , Eg. 5-83. Thus, 

E = plloss) = бо "E 74,7 Pia. (we need ty use absolufe pressures ) 


Als p? 
p = а c = (3000 x.) 


(1) 


= /5.92 f? 
5 


2 
“А TE T(2ft) боз) 
7 ue 


min 


and 
и = IVA = 15.42 au 


Z Г) 
With Eg. / we obtain x . 
. (aft) (144 т.) (15.92 +t )/ 1.94 Slugs эй f 
60 £ ) 
mn 
.92 3 oolb 
and the x divechon component of the force exerted by the 


water on the pipe between sections (1) and (2) is -+ 22,2001. 
(con't ) 
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(con't ) 


With £4. 2 we obtain 
Jnapsa mete) + (75.92 ft \ (1.94 га (3000 f ft = 9/90 | 
Reps i) (15.92. £ ) (f 9 ) FE т T 2) /40 Ib 


Gna the y- divecton м of the =) 


fure exerted by Же ууа on the pipe between schons 
G) and (2) із = $190 Ip. 
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5.127 Water flows steadily down the inclined 
pipe as indicated in Fig. Р5.127. Determine the 
following: (а) The difference in pressure p, — р». 
(b) The loss per unit mass between sections (1) 
and (2). (c) The net axial force exerted by the 
pipe wall on the flowing water between sections 
(1) and (2). 


Y 
`> 
As 
N 
NS 
Y 


Mercury 


(a) The difference in pressure, P- P, , may be Obfamed from the 
manometer (see Section 2-6) with the fluid statics equation 


pep а [stt) snm + 6%) | yy (вл) 
д о (# à: kg (a 
or m &) 
7 1 д | = 277 16 
ы Жа tes [en Sin30° + (os ft) | + (еа a ft) = 
dnd 
-р = 237 16 ل‎ = (65.56; 


(b) The loss per unit E between Sections (1) and (2) may be obtusied 
with Eg. 5.79. Thus 


y* / 


0 Г. чё ITE Norm 
1055 = xs f е t ў(2,-#,)= PO Lm 
or ^ 
loss = 203 сз / 1(22£ yes Gom t= : С) 
Stag 


(с) The net acial ore exerted by the pipe wall on the Howing be 
water may be obtained by Using the axial Component of the lineav 
momentum едкай (eg. eZ Thus ty The Cohel volume Shown above 


Р. x (%- р, )- e "(f )sin 30^. T (Р- E 


x 


or 
fia: «(een + (62% жук) usi 
К" /2. s J}? 


and 


р 2272210 = 77.2 lb opposite +o flow direction. 
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5.12% Water flows steadily in a pipe and exits as a free jet 
through an end cap that contains a filter as shown in Fig. Р5.129. 
The flow is in a horizontal plane. The axial component, R,, of 
the anchoring force needed to keep the end cap stationary is 
60 lb. Determine the head loss for the flow through the end сар. 


Area = 0.12 ft? 


BFIGURE P5.12¢ 


The y-component of the momentum equation, 
3 we VAdA <S Fy, for the control volume 
“shown is 
V, e (-V,JA, *(- V, sin30*)o A = fA, “Ry 
where. V, p oft/s and 

= ж VY, (WEEE ) o P) = 12 fs 
Thvs, since PA,V, =@%М,, Е, CI) gives 
рй, = hy - 4م‎ - eV, sin30 A, = R y~ PAY, ly а 


= 60 [b + gy ha 2) (0,128) (10 [io Ё +12 & sinz0"] = 22.8 
Hence, 


pi = 22.81b/A, = 22.8lb/ (0.124) = 190 Ib/ f 


From the energy equation for this flow, 


WT oue Me 
f tag hs 1 


2. 
Р 2.2. 190 lb/4* пом) _ 
h, Е i +e 29 62.53 + 2 82.2952) 2 


‚36 
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5.129 When fluid flows through an abrupt expansion as indi- 
cated in Fig. P5.1 , the loss in available energy across the ex- 
pansion, loss,,, is often expressed as 


where A, = cross-sectional area upstream of expansion, А, = 
cross-sectional area downstream of expansion, and V, = veloc- 
ity of flow upstream of expansion. Derive this relationship. alternate Section (2) 


location of 
Section (i) FIGURE P5.129 


Section (1) 


Applying the energy equation C&g.5.82) to the flow from sechol ) 
to sechon(2) we obtain 


lu x Be ж ци? й) 
X Rc amd —— 


ЎЧ 2 | 
Applying ihe axial divechon component of the linear momentum 


Cguation СЄ. 5.22) to the fed contained in the contol volume 
from sechon б) to Sectton(2) we obtam 

Ky t BA, -pA = -U PAV - АДАА (2) 
Now, if we consider Section (1) as occu v ring at the end 
of the smaller diamefe pipe (the beginning of the larger 
diame ley pipe ) Gs indicated m the sketch above , Eg. ! shll 
yields the expansion loss and Eg. 2 Gecmes 

R ARA cR, ау КДИ (3) 
Note that with seclion(l) positioned at the end of the smaller 
diameler pipe, p acts over area A, , Also, because of the 
jet fow tran the smaller diameter pipe mb the larer 


diameter pipe, the Value of R, will be small Chengh compared 
to the other Terms ih Eg. ? that we can Avy Ky + From &.3 


EE д pt 7 А, (4) 


- 


E‏ م 
Comb) ring ёғ. / and 4 we obtain‏ 


la оина: of wees CEB S12) E have 
Lu 
Ax 
Comme ning fe 5 ana 6 we ger 


a Afi - 249 a. кш) 


2 7. 2 
A 2/4) -2 А, vi " 
а AL А, A, 


cs 


2 fi- A, 
А, 
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5.120 Two water jets collide and form one homogeneous jet 
as shown in Fig. P5.120. (a) Determine the speed, V, and di- 
rection, 8, of the combined jet. (b) Determine the loss for a 
fluid particle flowing from (1) to (3), from (2) to (3). Gravity is 
negligible. 


V = 4 m/s 


m FIGURE P5.130 


For the water flowing through the control volume sketthed above, the 
xX- and y- duechon Components af the linear Momentum equation are 


- X,ovV, A, + V,ceseeV,A, = О (1) 
and 

-VieV,A, + V,9in ө eV, A= б (2) 
From the conservation of mass principle we get 

- eV, À,7 QV, A. + ру, Кыт о (3) 


Combining Eqs. | and 2 We obtain a 
Jaaa War LUTE GG) ч 


VIR qd а 


v, ТӘ. (emj {е 


$o 
= o 
0- tan 03086 = "2 
Now, combining Eqs. | And 3 we get 


-VieA,+ Vs Ө (eV, +e V A.) = б 


or = 
“ae vl А, Va à; 
37 —— = EXE UE Жары 
созе (ҮА V, A,) ws ө (v,ar *N,d; ) 
Thus 2 2 
- dn d m w 
( cos $2.2 Yt 4 ^ (олт) + (6 (огу? | 
ама 
A z 7.29 T 


(con't ) 
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| 5.130 | (con't) 


To determine the loss of available energy associaled with the 
flow thugh this Corto! volume we obtain by applying the 
energy equahòn ( Eq. 5.64) 
mS WT б Me Ns beg EN. 
(и, + мут, - (t Mem, + (+ Am sö @ 


э 


3 
Also, the conservation of mass equation, £4.3, tan also be 
wren as 
“mM m+ My = © (5) 


Combining Eqs. Ф and 5, We obtain 

NM XN E NR WRG lo И 

fa, (Ug 1) EA ae ae = Rut + ыз (€) 
The left hand side of Eq.G Yepresents the mle of available 
energy loss іл this fluid flow, Thus vate of available enorqy loss ts 


de of less = VA (У-У EAA Vo Va 
Verr na te) ЕУ 
1 o Wee 
rate of loss = er Шз + ФУ, (У ) 
L 


Thus ka N.S 1 2 
rale of loss = (m yon n kg. m ) (дом X4 5t ЭКЕП) 
4 2 


бү 


2 а 1 
and 
rae of loss = 558 M." 


سے 


5 
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5.13/ Water flows vertically upward in a cir- 
cular cross section pipe. At section (1), the ve- 
locity profile over the cross section area is uni- 
form. At section (2), the velocity profile is 


reg pU. 
М = k 
we =) 


where V = local velocity vector, w, = centerline 

velocity in the axial direction, R = pipe inside 

radius, and, r = radius from pipe axis. Develop 

an expression for the loss in available energy be- s 

tween sections (1) and (2). ji m 0) 
flow 


For delevmng loss we use те energy €Ejnahm ff non- 
Uniform flows, Eg. 5.87 Thus , 


me а س“‎ н À3À 


—2 — а 
/055 = Е + mA И, 


+ 9(®,- 2) (1) 
2 
Fram comservafim of mass (Eg. 5.13) we have 


И = 


/ 2 


Also, with Сд. $076 fe the kinehc energy coethclend O we 
have Е 


А = (0 
Sinte the velocity, prohle at recfan(,) 1s Giov. At 56см) 


we solve EG. 586 (see. solihon fw Pwblem 5.125 (C) amot дй 
OY = 06 


> 
hus, 69. / yields 
2 


Joss = F- — 0-06 4 £u ta Ze) 


س 


A 23 
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5.132 The velocity profile in a turbulent pipe 
flow may be approximated with the expression 


j 


where u = local velocity in the axial direction, 
u, = centerline velocity in the axial direction, 
R = pipe inner radius from pipe axis, r = 
local radius from pipe axis, and n = constant. 
Determine the kinetic energy coefficient, a, for: 
(a) п = 5; (b) n = 6; (c)n = 7; (d) n = 8; (е) 
n = 9; (f) n = 10. 


For the icu energy сое fielen] ес, we may гё Eg. Е 46. Tus, 
- 4 ou 27-0 CALI zef (- es 2) (i) 
ей TR u” UM g? 
2 


For the ае veloci ty , й, we may use Еа. 5.7. Thus, 


гт A 
_ [m " af 42) 9) = 2% f(E) (£) Uz) (2) 
Vd e 
Jo facilitate the integrations we make the subshtytion 


Я=г= g 
Thus, 
44 = UE) 
and ©.2 becmes 

и = -2u. [^ ДУ, 6 = 


25" Ue 
(тн!) nt) 


о £45. 4 2,4 gue J we obtain 


-2 РА A (tg) dû " 2. п? Јо (6) 
ЕЕ S —— mo WP NN | hor "RC шана 
"RE Б (3*5)/3*2n) 2n 


(4) Fer n= 5, Eq. é yields 3 
«= 460 een) у 
(315)[3* 25)] 2/5)? E 
(b) For n= © | 


Look «t Figs. 5.17 and €. 1 

for important mfev matan about 
these different veloci ty 
profiles. 
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5.123 A small fan moves air at a mass flowrate 
of 0.004 Ibm/s. Upstream of the fan, the pipe 
diameter is 2.5 in., the flow is laminar, the ve- 
locity distribution is parabolic, and the kinetic 
energy coefficient, œ, is equal to 2.0. Down- 
stream of the fan, the pipe diameter is 1 in., the 
flow is turbulent, the velocity profile is quite flat, 
and the kinetic energy coefficient, a;, is equal to 
1.08. If the rise in static pressure across the fan 
is 0.015 psi and the fan shaft draws 0.00024 hp, 


compare thevalue of loss calculated: (a) assuming 
uniform velocity distributions; (b) considering ac- 


tual velocity distributions. 


(a) For uniform velocity Aistvibutions Upstream and downstream of the 


fan, Eg. 582 is applicable. Thus, ван 
2 z 
Joss = аан. р + (8 7186) t И» й) 
2 2 net %» 
We obtain the shaft work, w, ^ hate Hem the given shat? paner, W РЧР Wi th 
РУУ net in f^ net № 
Шык = am Со. 00024 hp ) (250 = зз f^4 
For V, апа V,, We use Eg. Sl. Thus, 
ag a HAS S (eot E не 27) „1598 
th ee ee d 
24А» A76, (2-88 х0 lag Aag ) (32. 2 Ж» )27 (2. "TS 
Р Ы ў? slug 4 
an s . УД 2 
S PN (0.004 r ) fug 2) 


И, тшт SE s = f+ 
Out D zs. £z - 2.57 7 


(238x ур slug tug )(32.2 @ ‘bm Jue Lin 
Now frm Eq. we obtain E 


NS m Р со ы! ftint - (6.57 ff) er 
sug. ff 
iJ 


7 2.2 lm 
2:38 x10 slus \/32.2 5i 
Aye e 2 
or 
pur э 343 filh EEE 
== е lbrn 


(b) Е non- unifam velocity distr ibutjons upstream and downsfeam of the fan 
Eg. 5.8? /s applicable. Thus E o fer ar 
- 4; £ out + 7 и 


Joss = Lo fat + Yn Us Zour) + “shaft 
zi 2 
set TELS? fr 53 ) — (.08)(9-57 É*) ) a 
loss = т 28. us T f 2. — en slug. P 32. A 
Shug 
d 
d^ a 233 ftl 
loss = 3.36 TE -Io Дт 


А ТРЕ 
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5.24 Air enters a radial blower with zero angular momen- 
tum. It leaves with an absolute tangential velocity, Vy of 200 
fUs. The rotor blade speed at rotor exit is 170 ft/s. If the stag- 
nation pressure rise across the rotor is 0.4 psi, calculate the loss 
of available energy across the rotor and the rotor efficiency. 


To determine the loss of available Energy across the votor 


we use the energy equation CEG. FEZ) W obtain 
neglect 


о 
Fin < But Wo de. ae 
joss „ La sah „ En 900, Ru) + Hag 
2 2 ACE in 
or 
/055 = 2 th Je AU. x he bark: 1) 


net m 
lhe shaft work i, V shaft can be oblained wilh Ihe manen}-of- 


net | 


momentum Work Cj uation е. 5.74). Thus, 


P hefy = Chat LA out (2) 


net in 


Combining Egs. / aud 2 leads to 


= fain = la, мі 
[oss = fete — lo, nt + br. a 
م‎ 
e 
; ta? 
s. OURDE) fu буен ea 
(ti shay 1 e > 2:38 X10 ys "AT wm Slug, tt 
ff? € ay. f 
and 
oss = quo tt le = 9800 EY Ib = 305 Ft 1b 
= Shi Slag ( 32 174 № Lt hug ) — hm 


As was done in saris 5.24 ر‎ we caleulak yotw есетш, tum 


“shaft - Joss V. — (озу 


volw efficiency s A 7 „ ДОК eee 
Wshatt Us %o 


net fn / /£ 
ром efficiency = От 22 (ж) KON A = 271 
10 NEN ig E) « 
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5.135 Water enters a pump impeller radially. 
It leaves the impeller with a tangential component 
of absolute velocity of 10 m/s. The impeller exit 
diameter is 60 mm and the impeller speed is 1800 
rpm. If the stagnation pressure rise across the 
impeller is 45 kPa, determine the loss of available 
energy across the impeller and the hydraulic ef- 
ficiency of the pump. 


The analysis of Example 5.27 is applicable % solving This 


problem. Using ёа. 6 of Example 527 we obfain 
Actual Tofah pressure rise across lm pe her 


loss = v M. = ES 
However - 
m 2 rev 
"s EW = (L0 mm) (1800 mlar E 2566 m 
2.1000 m) 6o s. 5 
yn e 
7hu s 
N алый. 
loss = 56% 2 - Ё 
н £x У.к pei "a 
loss = 116 «^ 
m. 


From £4. © "m Example 5.27 we obtin 


actual Total pressure nse across impeller 
p 


En EA шк)! 
= DOE). _ _ 0 E 6 
7 = 


(5.66 zyr (u рузу: »z) 
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5.186 Water enters an axial-flow turbine rotor with an ab- 
solute velocity tangential component, Vg, of 15 ft/s. The cor- 
responding blade velocity, U, is 50 ft/s. The water leaves the 
rotor blade row with no angular momentum. If the stagnation 
pressure drop across the turbine is 12 psi, determine the hy- 
draulic efficiency of the turbine. 


determine the ef ficiency of the turbine we use 


7 = _@с7ма/ work ouf 


(1) 


actual work out + loss 
The actual work out, Whar (< obtained with the 


ne? ouf 


moment - Of - momentum work eg uation (Eg. 5:54). Thus, 


W — س‎ 
we * ar = Us у. (2) 
деў out ne? i» n @ ın 


Jo determine he less of available energy. across the 
yotor we use the en uation (Єз. 5.92) Yo oap 
“77 dn 2 c z 
Joss = P — Ad + и T Vout + 2 ant) + luf (3) 
2۸2 z AeL dn 
Combining Egs. Zand 3 we. blam ` 
De = DA m Xe Ар (0 
Ё Р] 
Combining Egs. 1,2. anc # we obtain 


LEA % th (50 £ af 4 5 tO zr 7) 
а= B nt (12 psi ) ( 144 a) 


уе (7-09 Bu) 


«2? 
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5.437 An inward flow radia) turbine (see Fig. PS)37) involves a 
nozzle angle, a,, of 60? and an inlet rotor tip speed, U,, of 30 
ft/s. The ratio of rotor inlet to outlet diameters is 2.0. The radial 
component of velocity remains constant at 20 ft/s through the 
rotor, and the flow leaving the rotor at section (2) is without an- 
gular momentum. If the flowing fluid is water and the stagna- 
tion pressure drop across the rotor is 16 psi, determine the loss 
of available energy across the rotor and the hydraulic efficiency 
involved. 


= FIGURE P5.I27 : 
An analysis like the one of Example 5.28 would be Appropriate 
for Solving this problem. Since a turbine is involved in this 


problem , and from Ёд. | of Example 5.20 


Hou = А 


net in net out 
we Cán conclude that 


loss = Stagnation pressure dwp across tY 
So 
However tram £9.55 4 we see that 


hatt = E gy aif? » U Ша nat? 
he? i» net out 
and thus 
Stagnation pressure drap across roy — U Vg , (1) 
масс ту 


م 
Jo delevmune the value of 7, we examine the velocity triangle‏ 


foy the tlw entering the кч, E js sketched Жм. 
hom the velocity Triangle we obtain 


"А = V, tan 60 


J055 


Or 


= (о iy tan bo = HH Я 
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From €3./ we obtain О, 
(055 = (5 Ea (i е) " ба) в) 
@ 74 y E 
ff? 
loss = Ш. f 


slu if 


From £4. 5.22, we Can conclude that 


Ws 9 bas = Spes ате de) across the Hy 
het out /° 


Or (n oher weds, the stagnaton pressure drop across the rotor 
results in shaft work and boss of available Charpy . 


Thus a meaningful efficiency I's 


W shaft 
4 = net duf 


lis 


/b 
Got) gen aa mE: 


С 2) (^ nE) 
(А 2n) 
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5.138 An inward flow radial turbine (see Fig. P5.137) involves a 
nozzle angle, a, of 60° andan inlet rotor tip speed of 30 ft/s. The 
ratio of rotor inlet to outlet diameters is 2.0. The cadial component 
of velocity remains constant at 20 ft/s through the rotor, and the 
flow leaving the rotor at section (2) is without angular momentum. 
If the flowing fluid is air and the static pressure drop across the ro- 
tor is 0.01 psi, determine the loss of available energy across the ro- 
tor and the rotor aerodynamic efficiency. 


ca 


ИЙ 
30 ft/s 


BFIGURE Р5.137 


Jo determme the loss of available energy ACSS the vofu we use 
the energy Eejguahm (Сё.$.#2). MUS, 


/ F-E pav e 
Os = Же! 4 
ا + ج‎ Ea ISh) + Wyatt ^) 
ES het in 
Ле shaft work, W shaft ‚ İs obe dead wilh Jhe moment- of- momenta nn 
+ ın 

work едо Сёз Te зз. Thus, 

Mart = oa Vw 7 — = W sha £r (2) 

nef ih het out 
and Combining 95. ( aud 2 yields 

2 
loss = FOR | Yr U V. (3) 
„2 = = ‚ Gi 
70 determine и and A , we Ons Nuc fhe veloci ty triangle 


sketched bela. 


(con't) 
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With the velocity triangle we conclude that 
1 
Vo m ty . жоў? 
eas gut E 
Йй, = v Sin 60°= (to!) Sin 60° = 34.64 E 
Since the flow leaving the row is radial, ther 
A = 2g Я 


rz 


Fenn 69.3 we Ob (^ 


ө Gor ioris) [e ata) 
e e а) 
uii t.le "s m а 


joss = 166 = (166 Fel EA "T af) 


flug slug (32 2.174 A) = TA ft lb 
The efficiency may be obtained wit lm 
actual work out UV, 
achia! wold out + loss Uv. +t loss 
ı “e 


ОУ 


_ бо En, e s s dz --) 


m Р 
Реа) н A 
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5.140 Force from a Jet of Air Deflected by a Flat Plate 


Objective: A jet of a fluid striking a flat plate as shown in Fig. P5.126 exerts a force on 
the plate. It is the equal and opposite force of the plate on the fluid that causes the fluid mo- 
mentum change that accompanies such a flow. The purpose of this experiment is to compare 
the theoretical force on the plate with the experimentally measured force. 


Equipment: Air source with an adjustable flowrate and a flow meter; nozzle to produce 
a uniform air jet; balance beam with an attached flat plate; weights; barometer; thermometer. 


Experimental Procedure: Adjust the counter weight so that the beam is level when 
there is no mass, m, on the beam and no flow through the nozzle. Measure the diameter, d, 
of the nozzle outlet. Record the barometer reading, Hy, in inches of mercury and the air 
temperature, 7, so that the air density can be calculated by use of the perfect gas law. Place 
a known mass, m, on the flat plate and adjust the fan speed control to produce the necessary 
flowrate, Q, to make the balance beam level again. The flowrate is related to the flow meter 
manometer reading, h, by the equation Q = 0.358 А!, where Q is in ft/s and A is in inches 
of water. Repeat the measurements for various masses on the plate. 


Calculations: For each flowrate, О, calculate the weight, W = mg, needed to balance the 
beam and use the continuity equation, Q — VA, to determine the velocity, V, at the nozzle 
exit. Use the momentum equation for this problem, W = pV7A, to determine the theoretical 
relationship between velocity and weight. 


Graph: Plot the experimentally measured force on the plate, W, as ordinates and air speed, 
V, as abscissas. 


Results: On the same graph, plot the theoretical force as a function of air speed. 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


r 


anl) 
| 


Counter 
weight 


FIGURE P5.1*0 
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Solution for Problem 5.140: Force from a Jet of Air Deflected by a Flat Plate 


(con't) 


Ham, in. Hg T, degF Q = 0.358 h^0.5, with Q in cfs and h in inches of water 


Experimental 
V, ft/s m, slug 
35.0 0.00069 
49.5 0.00137 
58.7 0.00206 
70.3 0.00274 
78.5 0.00343 
85.8 0.00411 
92.9 0.00480 
98.9 0.00548 
105.6 0.00617 
111.2 0.00685 
135.7 0.01028 
156.8 0.01370 
176.3 0.01713 


d, in. 
1.174 29.25 70 
m, kg h, in. Q, ft^3/s 
0.010 0.54 0.263 
0.020 1.08 0.372 
0.030 1.52 0.441 
0.040 2.18 0.529 
0.050 2.12 0.590 
0.060 3.25 0.645 
0.070 3.81 0.699 
0.080 4.32 0.744 
0.090 4.92 0.794 
0.100 5.46 0.837 
0.150 8.13 1.021 
0.200 10.85 1.179 
0.250 13:72 1.326 
Experimental: 

V = Q/A where 

А = л0/4 = п*(1.174/12 #)^2/4 = 7.52E-3 ft^2 

W = mg 

Theoretical: 


W = р\?А where 


р = Da / RT with 


Рат = Yug" Нат = 847 Ib/ft^3*(29.25/12 ft) = 2065 lb/ft*2 


К = 1716 ft Ib/slug deg R 
T = 70 + 460 = 530 deg К 


Thus, p = 0.00227 slug/ft^3 


(con't ) 
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W, Ib 
0.022 
0.044 
0.066 
0.088 
0.110 
0.132 
0.154 
0.177 
0.199 
0:221 
0.331 
0.441 
0.552 


Theoretical 
W, Ib 
0.021 
0.042 
0.059 
0.084 
0.105 
0.126 
0.147 
0.167 
0.190 
0.211 
0.316 
0.420 
0:531 


жуяо (Cont) 


Problem 5.140 
Weight, W, vs Velocity, V 


= 0 3 N ls ? | o Segenmentan| | 
E | | | —— Theoretical | | 


0.2 4 A 
0.1 4 —— 
0.0 | 
0 50 100 150 200 ГГ 
V, fts | 


— oa 
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5.141 Pressure Distribution on a Flat Plate Due to the 
Deflection of an Air Jet 


Objective: In order to deflect a jet of air as shown in Fig. P5.127, the flat plate must push 

against the air with a sufficient force to change the momentum of the air. This causes an in- 

crease in pressure on the plate. The purpose of this experiment is to measure the pressure ЕЕ 
distribution on the plate and to compare the resultant pressure force to that needed, accord- 

ing to the momentum equation, to deflect the air. 


Equipment: Air supply with a flow meter; nozzle to produce a uniform jet of air; circular 
flat plate with static pressure taps at various radial locations; manometer; barometer; 
thermometer. 


Experimental Procedure: Measure the diameters of the plate, D, and the nozzle exit, 
d, and the radial locations, r, of the various static pressure taps on the plate. Carefully cen- 
ter the plate over the nozzle exit and adjust the air flowrate, Q, to the desired constant value. | 
Record the static pressure tap manometer readings, h, at various radial locations, r, from the 

center of the plate. Record the barometer reading, Ham in inches of mercury and the air tem- — 
perature, T, so that the air density can be calculated by use of the perfect gas law. | 


Calculations: Use the manometer readings, h, to determine the pressure on the plate as 
a function of location, л That is, calculate p = Ym Л, where Ym is the specific weight of the 
manometer fluid. 


Graph: Plot pressure, p, as ordinates and radial location, r, as abscissas. | 


Results: Use the experimentally determined pressure distribution to determine the net | 1j 
pressure force, F, that the air jet puts on the plate. That is, numerically or graphically inte- | 

grate the pressure data to obtain а value for F = | p dA = | р (27rr dr), where the limits of 

the integration are over the entire plate, from r = 0 to r = D/2. Compare this force obtained 

from the pressure measurements to that obtained from the momentum equation for this flow, 

Е = pV?A, where V and A are the velocity and area of the jet, respectively. 


Data: To proceed, print this page for reference when you work the problem and click here | 
to bring up an EXCEL page with the data for this problem. 


E FIGURE P5.1H 


(con't ) | 
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Solution for Problem 5.141: Pressure Distribution on a Flat Plate due to the Deflection of an Air Jet 


D, in. а, іп. Ham, іп. Hg T,degF  Q.ft^3/s 
8.0 1.174 29.25 77 1.41 
В. Ini hy ЇЙ. р, Ib/ft^2 р, Ib/in.^2 p*r, Ib/in. 
0.00 6.62 34.42 0.2391 0.0000 
0.39 5.92 30.78 0.2138 0.0834 
0.79 3.04 15.81 0.1098 0.0867 
1.24 0.55 2.86 0.0199 0.0246 
1.59 0.19 0.99 0.0069 0.0109 
2.04 0.18 0.68 0.0047 0.0096 
2.41 0.09 0.47 0.0033 0.0078 
2.85 0.05 0.26 0.0018 0.0051 
3.23 0.03 0.16 0.0011 0.0035 
3.67 0.00 0.00 0.0000 0.0000 
р = үнго*ћ 


P = Pam/RT where 
Рат = YHg"Hatm = 847 Ib/ft^3*(29.25/12 ft) = 2065 Ib/ft^2 
К = 1716 ft Ib/slug дед К 
T = 77 + 460 = 537 deg К 


Thus, p = 0.00224 slug/ft^3 


Using the trapezoidal rule for integration 
Fexp = 21*0.5*2-, (pr; +Priet)*(Fiet - г)] = 21*0.5*0.189 = 0.594 Ib 


Theory: 
Е = р\/?А where 
A = nd?l4 = 1*(1.174/12 ft)^2/4 = 0.00752 ft^2 
V = Q/A = (1.41 ft^3/s)/(0.00752 ft^2) = 188 ft/s 
Thus, 
Fy, = 0.00224 slug/ft^3*(188 ft/s)^2*(0.00752 ft^2) = 0.595 Ib 


(con't) 


5-4% 


оо чо A AWD ~ - 


рр, 
0.0834 
0.1701 
0.1114 
0.0355 
0.0205 
0.0174 
0.0130 
0.0086 
0.0035 


Eî 7 i 
0.39 
0.40 
0.45 
0:95 
0.45 
0.37 
0.44 
0.38 
0.44 


(con't) 


Problem 5.1%! 
Pressure, p, vs Radial Location, r 


Problem 5.1%! 
Pressure Times Distance, p*r, 
vs 
Radial Location, r 


—%— Experimental 


—€— Experimental 


5.142. Force from a Jet of Water Deflected by a Vane 


Objective: A jet of a fluid striking a vane as shown in Fig. P5.128 exerts a force on the 
vane. It is the equal and opposite force of the vane on the fluid that causes the fluid mo- 
mentum change that accompanies such a flow. The purpose of this experiment is to compare 
the theoretical force on the vane with the experimentally measured force. 


Equipment: Water source; nozzle to produce a uniform jet of water; vanes to deflect the 
water jet; weigh tank to collect a known amount of water in a measured time period; stop 
watch; force balance system. 


Experimental Procedure: Measure the outlet diameter, d, of the nozzle. Fasten the 
9 = 90 degree vane to its support and adjust the balance spring to give a zero reading when 
there is no weight, W, on the platform and no flow through the nozzle. Place a known mass, 
m, on the platform and adjust the control valve on the pump to provide the necessary flowrate 
from the nozzle to return the platform to a zero reading. Determine the flowrate by collect- 
ing a known weight of water, Wy in the weigh tank during a measured amount of time, 
t, Repeat the measurements for various masses, m. Repeat the experiment using a 0 — 180 
degree vane. 


Calculations: For each data set, determine the weight, W = mg, on the platform and the 
volume flowrate, О = Wyaer/(yt), through the nozzle. Determine the exit velocity from the 
nozzle, V, by using Q = VA. Use the momentum equation to determine the theoretical weight 
that can be supported by the water jet as a function of V and 0. 


Graph: For each vane, plot the experimentally determined weight, W, as ordinates and 
the water velocity, V, as abscissas. 


Results: On the same graph plot the theoretical weight as a function of velocity for each 
vane. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Ш FIGURE Р5. 142. 


(con't) 
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Solution for Problem 5.172: Force from a Jet of Water Deflected by a Vane 


d, in. 
0.40 
Experimental Theoretical 
m, kg Маг, ID ts m, slug W, Ib Q, ft^3/s V, fUs W, Ib 
Data for Ө = 90 deg: 
0.02 Lat 29.8 0.0014 0.044 0.0041 4.7 0.038 
0.07 8.66 18.2 0.0048 0.154 0.0076 8.7 0.129 
0.17 8.87 10.1 0.0116 0.375 0.0141 16.1 0.440 
0.12 8.92 12.6 0.0082 0.265 0.0113 13.0 0.286 
0.22 9.66 10.6 0.0151 0.485 0.0146 16.7 0.474 
Data for 0 = 180 deg: 
0.05 6.81 24.5 0.0034 0.110 0.0045 5.1 0.088 
0.10 9.02 20.8 0.0069 0.221 0.0069 8.0 0.215 
0.20 8.84 13.2 0.0137 0.441 0.0107 123 0.512 
0.25 7.88 10.9 0.0171 0.552 0.0116 13.3 0.597 
0.30 8.86 TA 0.0206 0.662 0.0128 14.7 0.727 
0.35 7.97 9.5 0.0240 0.772 0.0134 15.4 0.803 
0.40 6.37 7.6 0.0274 0.883 0.0134 15.4 0.802 
W = mg 
Q = Wwater/(y*t) 
V = Q/A where 
A = nd^/4 = 1*(0.40/12 ft)^2/4 = 0.000873 ft^2 
Theoretical: 
W = pV^A for 0 = 90 deg 
and 


W = 2р\А for Ө = 180 deg 


(con't) 
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Problem 5.142 
Weight, W, vs Velocity, V 


V, fUs 


z-J5l 


Experimental, 90 deg 
Experimental, 180 deg 
Theoretical, 90 deg 
Theoretical, 180 deg 


5.143 Force of a Flowing Fluid on a Pipe Elbow 


Objective: When a fluid flows through an elbow in a pipe system as shown in Fig. P5.129, 
the fluid’s momentum is changed as the fluid changes direction. Thus, the elbow must put a 
force on the fluid. Similarly, there must be an external force on the elbow to keep it in place. 
The purpose of this experiment is to compare the theoretical vertical component of force 
needed to hold an elbow in place with the experimentally measured force. 


Equipment: Variable speed fan; Pitot static tube; air speed indicator; air duct and 90- 
degree elbow; scale; barometer; thermometer. 


Experimental Procedure: Measure the diameter, d, of the air duct and adjust the scale 
to read zero when the elbow rests on it and there is no flow through it. Note that the duct is 
connected to the fan outlet by a pivot mechanism that is essentially friction free. Record the 
barometer reading, H au in inches of mercury and the air temperature, Т, so that the air den- 
sity can be calculated by use of the perfect gas law. Adjust the variable speed fan to give the 
desired flowrate. Record the velocity, V, in the pipe as given by the Pitot static tube which 
is connected to an air speed indicator that reads directly in feet per minute. Recard the force, 
F, indicated on the scale at this air speed. Repeat the measurements for various air speeds. 


Obtain data for two types of elbows: (1) a long radius elbow and (2) a mitered elbow (see 
Figs. 8.30 and 8.31). 


Calculations: For a given air speed, V, use the momentum equation to calculate the the- 
oretical vertical force, F = pV7A, needed to hold the elbow stationary. 


Graph: Plot the experimentally measured force, F, as ordinates and the air speed, V, as 
abscissas. 


Results: On.the same graph, plot the theoretical force as a function of air speed. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Pitot static 
tube 


Centrifugal fan B FIGURE P5.1%9 


(Can 'ё) 
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Solution for Problem 5.173: Force of a Flowing Fluid on a Pipe Elbow 


d, in. Ham, in. Hg T, deg F 


8.0 29.07 73 
Experiment Theory 
V, fU min F, Ib V, #5 V, fUs Fin, Ib 
Long Radius Elbow Data 0 0 
0 0 0.0 5.0 0.02 
1200 0.38 20.0 10.0 0.08 
1420 0.51 23.7 15.0 0.18 
1800 0.79 30.0 20.0 0.31 
2160 1.05 36.0 25:0 0.49 
2440 1.38 40.7 30.0 0.70 
2700 1.65 45.0 35.0 0.96 
2900 1.91 48.3 40.0 1/25 
3100 2.19 51.7 45.0 1.58 
3520 2.83 58.7 50.0 1.95 
3750 3.12 62.5 55.0 2.36 
3950 3.38 65.8 60.0 2.81 
65.0 3.30 
Mitered Elbow Data 
1400 0.30 23.3 
1780 0.55 29.7 
2000 0.74 33.3 
2300 112 38.3 
2630 1.44 43.8 
2900 1.72 48.3 
3150 2.06 52.5 
3360 2.38 56.0 
3550 2.62 59.2 
3620 2.74 60.3 


р = Patm/RT where 
Paim = Үн Нат = 847 Ib/ft*3*(29.07/12ft) = 2052 Ib/ft*2 
R = 1716 ft Ib/slug deg К 
T = 73 + 460 = 533 deg К 

Thus, р = 0.00224 slug/ft^3 


A = nd^2/4 = 1*(8/12)^2/4 = 0.349 ft^2 


(con't ) 
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con't ) 


Problem 5.1/2 
Force, F, vs Velocity, V 


5-154 


—— Theoretical 


€ Experimental: Long 
radius elbow 

4 Experimental: Mitered 

elbow 


6.2. The velocity in a certain two-dimen- 
sional flow field is given by the equation 
У = 2xti — 2yrj 

where the velocity is in ft/s when x, y, and t аге 
in feet and seconds, respectively. Determine 
expressions for the local and convective compo- 
nents of acceleration in the x and y directions. 
What is the magnitude and direction of the ve- 
locity and the acceleration at the point x = y = 
2 ft at the timer = 0? 


From Expression for velocity , к = 2х4 and v= -242. 


Since 


then 
&, (local) = = = x 


and 


2, (conv) = u a d = (2z¢)(2t) + (- 244)(o) 


Similar ly, 


ay (local) = 5 А 


а, (сопи) = u ©з + AA = (@ (о) + (- 24t)(-24) 


= “ue 
At X2422F4 end Z-o 
u= 2(2)(o)=0 = - 2 (2) (0) =0 
So That V =o 


2x ахі? = 2G) #@)(о) 4 1 2 


A, = ciq + #055 720) + ¢ eke) a -9 FEST 
„> 


Thus А | 
d Lou E E427 ЫВ" 


6.3 The velocity in a certain flow field is given by the equa- 
tion 


V = xi + x? + yzk 


Determine the expressions for the three rectangular components 
of acceleration. 


From expression for velocity “= X , 
Since 


ow (х Xi) KN e) «(sa)ro) 

x 

5 ити larly, E 
а 


àv 
дё 
о 


= x )бхег)+ Go)  t2)0] 


2x'a 4 xz 


Qur dur, pp OW, t» dW 
«Gt Ф + 


س 


OX ay д2 
= он (х )0) + (X2)() + Ga) 
= xX’ + y2 


6.4 The three components of velocity in a 
flow field are given by 


R= 4+ + 2 
о = ху + уг + zi 
w= —-3xz = 27/2 + 4 
(а) Determine the volumetric dilatation rate, and 


interpret the results. (b) Determine an expression 


for the rotation vector. Is this an irrotational flow 
field? 


Volumetric dilatation vate = 25. ( £g. 6.9 ) 


Thas, for velocity eemponeats given 


O 


—— 


volumetrie dilatation rate = 24 + (k+2) + (731-2) = 


This result tndicates that There 15 по 
Volume 


Change in the 


of a fud elemead as it moves from one 
location to anether. 


(b) From Egs. 6.12, 6.72, and 6/4 wits The Velocity Com ponents 


JIEN : 


if 
ад з 
2 4 


x 
2 


"e 
ر جک‎ = FE 


S/nce QC us not Aero everywhere The flow field 


Is not trrotational, No. 


6.5 Determine the vorticity field for the following velocity vector: 


= (2 - yj - 2xyj 


vx «(E HO GEHE GEH, 


where Р 
U = X-y,w7*-2X), and ur =0 


| Thus, А 
vxV = 02 +0) "Caso 356-2] 
= [-2y - Caf =0k 
Hence, 
v«V-0 


6.6 Determine an expression for the vorticity of the flow 
field described by 
У = — xyli + yj 


Is the flow irrotational? 


Tagi ( 2% лт) 
From expression for velocity TE xy, Uu 5t and w= 0, 
and with 
бә, P 4 ( 5 - 27) CE, 6.13) 
ly z á ( 95 - eu) (Er 4W 
Ub s 1 (Ф#- x) (Eg, b12) 


it follows That 


“yy =O ر‎ Wy = 0 J 


/ hus 


РА 


ela ад: 
2 [2h 4 (5) д) 


I] 


= 3x5 


Since р ıs hot [ёо everywhere The Flow 
/s hot Irrotatienas, No, 


6-5 


3 > 
and dur d [e 6I Je 9 


6.7 A one-dimensional flow is described by 
the velocity field 

и = ay + by? 

v=w=0 
where a and b are constants. Is the flow irrota- 
tional? For what combination of constants (if any) 


will the rate of angular deformation as given by 
Eq. 6.18 be zero? 


For tvrotatione! Flour гава and fer The velocity 


distribu tion given С 
our 
a4 


ди 
д 


Thus, £o 1s not Tero everywhere aud the раг 
ls not ivrotational, No. 


Since (From Eg. 6./8 ) 


у = gu, ge 


Ox dy 
it fo/lows for the velocity distri bation Givens That 
у= 2 +24 


Thus, There are no values ef a and b (except Lott 
egual de gero) That will give ф=о fr all values 
of g. None. 


6.8 For a certain incompressible, two-dimensional flow field the 
velocity component in the y direction is given by the equation 


v = 3xy + x)y 


Determine the velocity component in the x direction so that the vol- 
umetric dilatation rate is zero 


For zero volumetric rate in a two-dimensional flow, 


Eguatiwn (2) Can be iitegrated with respect to x e obtain 
f e = - [sede €f e + £ Cy) 


3 x3 
us × +5 +4) 


where f(y) is an undetermined function of 4. 


6.4 An incompressible viscous fluid is placed 
between two large parallel plates as shown in Fig. 
P6.9. The bottom plate is fixed and the upper 
plate moves with a constant velocity, U. For these 
conditions the velocity distribution between the 
plates is linear, and can be expressed as 


y 
=U2 
"UC Y 
Determine: (a) the volumetric dilatation rate, (b) 
the rotation vector, (c) the vorticity, and (d) the 
rate of angular deformation. 


FIGURE P6.3 


(a) Volumetric dilatation rate = ot est диг es D 


(b) fer veloci у distr; bution Fiven у 


G.10 


6.10 — A viscous fluid is contained in the space between con- 
centric cylinders. The inner wall is fixed, and the outer wall ro- 
tates with an angular velocity w. (See Fig. P6J0a and Video 
V6.3.) Assume that the velocity distribution in the gap is linear 
as illustrated іп Fig. Рб Юр. For the small rectangular element 
shown in Fig. P6J0b, determine the rate of change of the right 
angle y due to the fluid motion. Express your answer in terms 
of Fo, гь and w. 


{a) 
m FIGURE P610 


u=- n» 4 
= 
Se That 
gus _ 6 
ad g-k 
nd sine vV-o 
j-- de 
i cA 


The negative sign indicates That The 
right Angle 15 snereasing. 
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origina f 


(b) 


wv 


oo? == a. м 


6.12 Verify that the stream function in cylindrical coordinates sat- 
isfies the continuity equation. 


In cylindrical coordinels the continuity equation for steady, wo” 
dimensional, incompressible flow is 
+ orm.) 


p LIN _ 
E огр ГО 


| ay 
Consider NV, = 136 and Mp md S0 that from £e (I), 
+ 
r 


Р 
а 9090/09) (19ү) yy » 
HUP LAUD a E - 31 -0 


дг 
Thus, any function ¥ salisifíes the continuity equation. 


6-/0 


6.13 Fora certain incompressible flow field it 
is suggested that the velocity components are given 
by the equations 


и = 2xy v= رر‎ w= 0 
Is this a physically possible flow field? Explain. 


Ang physically possible incompressible thw held 
must Salish, Consevatiwn ОЙ mess Q3 expressed by 


the vela ириў, P 


For the velocity chstribution given 


> 
Or. x? cur = 0 


Substituhon /^ fo Е. (1) shows that 
29 -x* to #0 


Thus, This is nod a physically possible Flow hield, Mo. 


6.1€ The velocity components of an incompressible, two- 
dimensional velocity field are given by the equations 


u = y? - x(1 + x) 
v = y(2x + 1) 


Show that the flow is irrotational and satisfies conservation of 
mass. 


LL the LSa ee ere Ehe d Irrotationah | 
ы o ga 
HS 2S 35 
For the velocity distribution Giden, 


207-24 Ou 


= 2. 
Ox 25 4 


Thus, 
to, * d. (29-25) = 
ana the flow is дер tx ba 
To satisty conservation of mass, 


24 „душ 


Ox ' Oy 
Since, 
QU. > =| 2v - BRF | 
ox 2х 05 


then 


=j 2X +2х +1 =0 


ana I LS 
Conservation of mass Is Satisfied | 


6.15 Foreach of the following stream functions, with units 
of m?/s, determine the magnitude and the angle the velocity 
vector makes with the x-axis at x = 1 m, y = 2 m. Locate any 
stagnation points in the flow field. 

(а) ф= ху 

(0) w= 2х2 + у 


From the definition ef The stream fLunchon , 


y=- t (Egs. 4.37) 
5х 


41 X= Гот | y= Zn 11 follows fuat uz: 1% and yIl-14 


[v] = | “*4+r* = ү (Im)? + Сам) 2 


Thus, 


Since и= о ab x=0 Qna v 70 at J =o, а stagnation 
Beat occurs at x00. 
(à) For Ws -2x't y , 


ead TN 
n rx Ma 


tan 2 = 


X 


Since UFO, There are no stagnation роті. 
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6.16 The stream function for ап incompres- 
sible, two-dimensional flow field is 


p =дау = Бу? 


where а and 5 are constants. Is this an irrotational 
flow? Explain. 


Ene tHe Flas bo be Irrota tonal) , 


fe аш‏ کے 
a> т 2х 22.7‏ 


and Yer the stream fancton given, 


Since W,#O flow is not wrotatone/ 
(unless b =o) : Мо. 


(Eg i12) 


6.17 Тһе stream function for an incompressible, two- 
dimensional flow field is 


y = ау? — bx 


where a and Б areconstants. Is this an irrotational flow? Explain. 


For the flow to be rotational (see Eg. 6-12), 


= О (22 . 2h 
CO, * 3 ax 2% 


and for the stream {anc ton given, 


=O 


s PF 2 
qe тр а. б 


Since w, #O flow is not Irrota йо! 


(unless a -o) е No. 


6.18 Тһе velocity components for an incom- 
pressible, plane flow are 

о, = Ar^! + BF EOS 0 

vo = Br ѕіп 0 
where A and B are constants. Determine the cor- 
responding stream function. 


From the detin/tion of the stream function Я 


pe m -_ df 
wo Ue NA Ned (Eg, 1.02) 


So that for Же velocity dishibutión gwen, 


+ Q^. Ar’ + er" дыш 


2! g m BE sie 
or 


Tn te grate Eg.) with respect to Ө to obtain 
fay = [A+ BF" ese) ав + £ (r) 


Y= АӨ + Bk sine + L) 
Similarly, integrale Еф 12) wih respect 4# r te vbtay 


[ae = - (Br sing dr + £46) 
y= ar ‘swe + £16) 


— 


Thus, do satisty both Роз, (3) and lt) 
Y= АӨ + В ‘5/6 + С 


where C is ап arbitrary constant. 


SE 6.19 For a certain two-dimensional flow field 
и = 0 
v=V 
(a) What are the corresponding radial and tan- 
gential velocity components? (b) Determine the 
corresponding stream function expressed in 


Cartesian coordinates and in cylindrical polar co- 
ordinates. 


y 
ca) At an arbitrarg pant P 
( see figure ) 
Vi~ V sina p 
Aa E г 
Ve = V esse K 
(b) Since 
. oY > _ 4 _ 
u= 2% =O 1” Ox 
МЕ follous That Ш ts not а tunckion of y and 
БА тар PL 
where C 15 an arbitrary Constant , 
Also, win x= F tes Ө 
We —V 050 +С 
Check this resolt : 
ot = -(Vcos8) = V 
ag = r” cosO ) = Y cos 
and , 
Nr LIH Е r( Yr sinó) = V sin@ Г which cheeks with 


part (4), 


6.20 


6.20 Маке use of the control volume shown 
in Fig. P6.20 to derive the continuity equation іп 
cylindrical coordinates (Eq. 6.33 in text). 


Volume element 
has thickness dz 


FIGURE P6.2.0 


2 |а di^ «fera dA =o ( Eg. 6.14) 
Cr Cs 
Fop The differential control volume shown 
2 
22 [par 2 52 rde dr dz (1) 
Cr 
and 
PVimdA = net rate of mass outflow through 
Cs surfaces of Control volume 
(pre BER Te T doa 
From figure at right ` là a 
Net rate of mass “иу “pu 
outflow In F-adtrection = / nt, 
2 pu; C И. aede, ae 
( gi; + £> A hy dr |do dz 7 (Qui £^ dr (o. 8 ) doda 
اي‎ T 
Chor- m Dee a 
Z E + dr dada da drdé dz (2) 


(cont) 
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6.20 (con't ) | 


From {igure at right: 


y 79 
Met rate of mass | 
OutHew 14 O-Nrechoy = See РЬ 
/ 
Yer ی‎ do im 
(2% e 22% dp) araz K (е-е) ari 
^ 20? de à; » 
(4% - = )drdaz z 

_ 20% ( 3) 
= ЯЕ dy deda 


Frem figure at right : 


y 
Net rate of mass 
outflow in Z- diechós = 
220 dz 
(ж e L 42 ) „авар 25 d 
22 P | (p+ SS @) кават 
_ faq - 97% dz 
2 
а СЕ куке 
22 1 (4) 


Subst) ty tion of Egs. (1) Thru (4) intr 29, 6.19 yields 
2A rdrdeda+ fF rardod + pu; drdods 


E ‘Le Ydrdedz + 2 rdededz =O 
e 


se 9? ОРЕ РШ. + + Ce, дещ „ 
22 “Or “г п 22 2#- ni CS) 
Since Vj WR £ 2 
с + EPs а (РУ) 


Eg .(5) Can be writen 25 Ba sé 
/ 2095) , ا‎ _ 
22 + igi ё ут те 
E EE a PDT dc ыз a 
Which is £4.6.33. | оо 


6.2.1 


6.2! A two-dimensional, incompressible flow is given by 
u = —y and v = x. Show that the streamline passing through 
the point x = 10 and у = O is a circle centered at the origin. 


For two-dimensional flow along 4 streamline 


du . v 
dx и | 
So that for the Velocity Component given 
dy = X, 
ах =y 
ana 
- ft dy z f* dx 
Thus, 
-4* = L +e (where C is 4 constant) 
2. 
and " 


Ky ЕШ = ( 


E gua tion ( JJ Ve presents The €f uoJLio н Sm The 
fan ly of streamlines, For a Given Value 
of eu Те egu ation. gives a Civcle centered 
ak the Origin with C! the 59 uare of the 
Fidis. 
For Х=10 and Y=o 
J 
е^ porco = 7166 

Gua The €fuation oF The streamline passing 
through this pont ts 

x Apu = 100 


lWhich 45 a Circle of radius IO Centered at ће дү! gin, 
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6.22  Inacertainsteady, two-dimensional flow 
field the fluid density varies linearly with respect 
to the coordinate x; that is, p — Ax where A is 
a constant. If the x component of velocity u is 
given by the equation и = y, determine ar 
expression for v. 


Fer a variable dens, du Flour, 


a“) дег) 
22x 24 


( 23. 6.29) 


LL. 


p (Ax s) = Axy 


(Lo follows That 
д Qu). 
s 


Ay 


Thus, 


д er) e _A 
245 ý 


Integrate E2.() With respect to y to obtwrs 
fave) z - [ay dg (tx) 


2, 
pre = Sy Хех) 


or 


With A =Ах 


/ 
pc = (а y^) + dps 


Д = f 
= = MS X) 
1- Сг + ( 


Where Fix) is an arbitrary Sanction of X, 
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6.23  Inatwo-dimensional, incompressible flow 
field, the x component of velocity is given by the 
equation u = 2x. (a) Determine the correspond- 
ing equation for the y component of velocity if 
о = 0 along the x axis. (b) For this flow field 

what is the magnitude of the average velocity of 
the fluid crossing the surface OA of Fig. P6.23? 
Assume that the velocities are in ft/s when x and 


у are in feet. 
FIGURE P6.23 
| - ‚ ( consider & 
(a) To satisty The Continuity eg ua tion unit thickness = Ift) 
Qu, ди 
2х 425 
Ounce Qu 
. i. 
sÉ follows That 
ez mue C/) 
Integration of Eg .(2) with respect Zo Y g re les 
= -2y + ftx) 
Lf v=o along x-axis (4260) Then £L =0 So That 
ru = 27 


(5) f, satisty Conservation of mass 


on ° бо Ga Gee figure ) 


Along AB &= 20) = 2 = so Thad 


Si 
an = e Agp = (2 MILI LENORE) = 2 = 


S 


Along OB v=o So That Qa = О. 


T hus £43 
On s © di з гуз 
FAA ГА = Gon = Жа = LM fé 
Av area Va i I 


6-2.2. 


(o. A! 
6.24% The radial velocity component in an incompressible, 
two-dimensional flow field (u, = 0) is 
о, = 2r + 3r? sin 8 
Determine the corresponding tangential velocity component, 
Ue, required to satisfy conservation of mass. 


Ley). rS xu (£o. 1.35) 
P UST "S SE == f. 
Since 173 20, 
д5. _ I) 
| 29 or C1) 
and wıth 
a = AB 3r |. © 
It follows That 
кош Yr EGF sin © 
or 
Thus, E$.U) becomes 
с? + = f» „дед o) C2) 
Eguation (2) Can be integrated with respect to © to obtu, 
ay г NACE 46 sino) dO + Flr) 
Or 2 
vp = — ньо = Ф созо + Ll) 


Where Air) / ай wndedeoued function of P. 
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6.25 The stream function for an incompres- 
sible flow field is given by the equation 

y = Зх?у – у 
where the stream function has the units of m?/s 
with x and y in meters. (a) Sketch the stream- 
line(s) passing through the origin. (b) Determine 
the rate of flow across the straight path A B shown 


in Fig. P6.25. A 


LO xm 


FIGURE P6.25 


(a) Lines of constant # are streamlines. 
for We Sy - уі the streamline 
passing Through The origin (X =o, y=0) 
fas а Veluwe so, Thus, The 
egua tion for The Streamlines through 
Tte origin 1s 

0-34*4 -97 
oF 


y= ±3 x 


A sketch of these Streamlines is shown in Йе gure. 


At В £20, galm so That 

H 3 2(2) 42) = (1) = —-ImM ( per unit width ) 
At А X*4m, Yeo so That 

H= 301)*(0) -(0)? = 6 


Thus 


i @= Pa = - [ m/s (per uni width ) 


The negative sọn йсй Tua Же C is from 
Fight to left as we lok from A + B. 
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6.26 Тһе streamlines in a certain incompres- 
sible, two-dimensional flow field are all concentric 
circles so that v, = 0. Determine the stream func- 
tion for (а) v; = Ar and for (b) u, = Ar~’, where 
А is a constant. 


From The definition ef The stream Function | 
uL e = д 
ULT Y 36 Rad 
j ( то j^ 4 а £v. 
So fmt шй =o yf Meus Tha Sidi 


25 
and Mere bre 
ws Ё (Е) 


(^J For [^E 4r 


= -Ar 
ar 


Integrate Eg (1) ws 7h respect ZB + ob 


fav = - far dr 
0 = = Srt. f (8) 
However, since P is mot a function of @, (Yo follows That 
„ Là e^ 
Ш= — 22 +C 
where С ts an arbitrary constnt. 


Cb) Similarly for 1 = A vr 


fav =~ J 4r 'dr 


Wsz —A ta ¥ + C 
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*6.27 Тһе stream function for an incompres- 
sible, two-dimensional flow field is 


Ww дару 
For this flow field plot several streamlines. 


The 2¢uation for a streamline is found by setting W= constant 
ЛА he equation for The stream function. Thus, for The 


given Stream инсон 


P= 34*y +y 
it tollows That the Cy uation of a shumhwe is 
"mp ل‎ 
J” و‎ 3x? 


Where various constant values Can be assigned Fo i 
+o obtain e Family of streamlines. Tabulated results 


for 0-1,2, 3, 4 dnd ¢ plot showing the streamlines 
ave gwen below. 


y=1 у =2 y =3 w=4 
x y у у у 
-5.0 0.0132 0.0263 0.0395 0.0526 
-4.5 0.0162 0.0324 0.0486 0.0648 
-4.0 0.0204 0.0408 0.0612 0.0816 
-3.5 0.0265 0.0530 0.0795 0.1060 
-3.0 0.0357 0.0714 0.1071 0.1429 
-2.5 0.0506 0.1013 0.1519 0.2025 
-2.0 0.0769 0.1538 0.2308 0.3077 
-1.5 0.1290 0.2581 0.3871 0.5161 
-1.0 0.2500 0.5000 0.7500 1.0000 
-0.5 0.5714 1.1429 1.7143 2.2857 
0.0 1.0000 2.0000 3.0000 4.0000 
ONS 0.5714 1.1429 1.7143 2.2857 
1.0 0.2500 0.5000 0.7500 1.0000 
1.5 0.1290 0.2581 0.3871 0.5161 
2.0 0.0769 0.1538 0.2308 0.3077 
2:5 0.0506 0.1013 0.1519 0.2025 
3.0 0.0357 0.0714 0.1071 0.1429 
3.5 0.0265 0.0530 0.0795 0.1060 
4.0 0.0204 0.0408 0.0612 0.0816 
4.5 0.0162 0.0324 0.0486 0.0648 
5.0 0.0132 0.0263 0.0395 0.0526 


Cont) 


6-26 


6.28 Consider the incompressible, two-dimensional flow of anon- 
viscous fluid between the boundaries shown in Fig. P6.28. The vel- 
locity potential for this flow field is 


رک ت ج 


MFIG URE P6.28 


Са.) u= 20 = 96 = zx 


fo determine $ integra te wtu respect  Y o obtoris 
/2е= Жы д 


W = 2x4 + f) @% 


ок 


Similar ls, 


po 2х9 + Á 44) 
Je satisfy both ERS. (4) end (2) 


Y= ZXyt С 
Where C 1s an arbitrary Constant. Sinte “=o along у=0 
C =o and 

Y= zx € 3) 


(5) The discharge жЕ, passing Through ang sarface Connecting 
The two walls , such as АВ (see figure), 4s 


= fa- Фа 
From E7 (3), P so qnd ч £X. qe, It {ш 


Mat 
rj = e X. р 
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6.31 Given the streamfunction for a flow as yy = 4x* — 4y?, show 
that the Bernoulli equation can be applied between any two points 


in the flow field. 


For the Bernoulli equation to be applied belween any iwo points 
in the flow field (as opposed to only points along 4 streamline), the flow 
must be irrota tional. That is, рхЇ =0, which for two-dimensional 
flow can be written as 


(1) 3x by 0 


For the given flow 
“ d» --8y and = m: 


T hus, 
0۸ gU _ д 2% Е 
3x gy "ix Bx gy(-8y) = -8 +8 =0 


Hence, Ед, (1) is satisfied, the flow is irrotational, and the Bernoulli 
equation can Б? applied between any two pois. 


6.32 А two-dimensional flow field for a non- 
viscous, incompressible fluid is described by the 
velocity components 


v=0 
where U,is a constant. If the pressure at the origin 
(Fig. P6.32) is pọ, determine an expression for the 
pressure at (a) point A, and (b) point B. Explain 
clearly how you obtained your answer. Assume 


the units are consistent and body forces may be FIGURE P6.32 
neglected. 


Check fo see i£ Flow is irrotational. Since 


A(1,0) 


x 


‚ ~ 
The given velocity distri bu ои, P =ð and 25 72, 
it follows That 0), Ф О. Since flu is not srrotatona! 


Cannot apply The Bernoulli 2j uation between any two points 

In the How Field. 

Ca) Since 17=0, The origin and point A are on the 
Same Streamline. Thus, 


2 T м“ = Фа T Z8 
2-4 
At The origin М=1 and 


from Eq4.t 
0 g. B. 


A o 


(5) Fant D 1s not on same streqmlne as ongin So Cannot 
apply Bernoulli Eg u ation between В and о. Te find f 


use the 4- Component of Eulers €j ua Lupus: 
-2P a E 227 au Pa 
2, 25 PFE met Mr dd а (Eg, 6.514) 
Since FD: and 4,70, 


So That 
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6.33 Ina certain two-dimensional flow field the velocity is 
constant with components u = —4 ft/s and v = —2 ft/s. 
Determine the corresponding stream function and velocity po- 
tential for this flow field. Sketch the equipotential line ф = 0 
which passes through the origin of the coordinate system. 


From The definition of the stream tunction 


- д = „д 
ù = 2 у Jd 
se That fr The velocity components Given 
£N. 
"M 
2v. 
Qu C и 


Integrate Eg.) with respect do 4 do obtain 
fav = f-4 ay + £t 
p= - 4y + £t) 


or 


Similarly, Integrate д.02) with respect b x de obtin 


fay = [zax + E (4) 
W= 2X + 5) 
Thus, de satisty bom £5. (3) and (y) 

Pe ZK CE 


or 


where C 15 an arbitrary constant . 
From the detimhen of The velocity potential 


> af s E 
a 
So That b Uus velocity components Given 
29 =y 
OX 
2д == Z 
29 
(cont 2 


(235. 6. 37) 


(1) 


(CZ) 


(3) 


(4) 


(Cont ) 


Zndegrate Eg.(5) with respect to xX h obtin 
Ja4 = Ј- жах т #, 4) 

p= — ЕХ + ДСУ) (7) 
Integrate £j. (L) with respect % у 4 obs 


fei =. "n dy + Ж) 


or 


or yT t; 
Thus, do satisfy дой £95. (7) and (8) 
Ж Б: du +C CF) 


Where С (з an arbitrary бизи — 


Since The egu potna) lne , =o, 22556 Through The 
origin (же =o) Pen C= О ин E9, (7) Se That The 
Equation of The @=о ejui pofentiål line ıs 

2y=- 4x 


idi y= -2х 


А sketch of Ths line 15 shown in The Figure. 


Grob. 


6.34% | 


6.34 The stream function for a given two-dimensional flow 
field is 


y = 5х?у — (5/2 
Determine the corresponding velocity potential. 


E ЖЕ ыт. U) 
is. Tg 


Integrate with respect dv x f» obla, 


Гая =f бааа?) dx 


Or g = £ x*- 5х4? + £ (4) 62) 
Sımlarlg, 
-_d%¥ _ od __ (2 
Pz 21 ES Е /l0x 9 
Gnd 
f ad - - f xs ds 
e 
f Ф = -5x 4 £X) 4) 


To Satisfy both £s. (2) ana l4) 
Ф| Ж \х?— 5х9 + С 
"M AC HP E 


Lo bere C ls 2n arbitrary Con stant. 
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6.35 Determine the stream function corre- 
sponding to the velocity potential 


ф = xi - xy 


Sketch the streamline w = 0, which passes through 
the origin. 


Indes rate wt Th respect fy 9 to ob hin 


{ae = fag?) dy 


r 3 
i = 3y- 2) + hn 
Similarly , 
| т 8 
and integrating with respect b x yields 


fay = fins dX 
y= $4 ¢ LY) 
le satisfy both 95. (1) ang (2) 


Yy = 3x°y = Т» C 
Where 


C is an arbitrary Consent. Since the streamline Yeo 

passes Through The orga (X=0,y=0) ( follows That C=O Gnet 
Ше Эх — 0° (3) 

The eguation of the streamline ? 

passing through the origin (s found by е 

setting =0 ^ £9.13) +o 

yield 


у (зх ц?) = о 
whith ds satished er 


Quo y = mu. 
A sketch of The (Qo shwewaes 


Gre Shown іи The figure. 
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6.36 А certain flow field is described by the stream func- 
tion 

V —-A0-Brsin6 
where A and B are positive constants. Determine the corre- 


sponding velocity potential and locate any stagnation points in 
this flow field. 


Lt а EL 
w: 1 2$ . т + 0056 


55 d (/) 
Lhte grate wiTh respect to k Æ obtam 
fe = [12 + 8 cose) dr 
or 
$= Alnr + Br ess + Lle) s 
Jimi larly , 
%=-9#- 12$ = -В зт В 3) 
and 
рё = - fa sin do 
He = DBDFrcees8 + £F) ЕРЫ 


To satisfy ро?и Egs, (2) Gua l4) 


$ = А In r + Bresse TC 
Where C /s 4и arbitrary Constant. 


Stagnation points occur where 17 =0 anae Vé =o . 
From ET ( 3) In at Ozo ank O=TT. From 
Ey 0 yim ite exo 

ts 
So That Vp=0 fr rc 4 However, since A апа 


are beth positive constants This vesult indicates a 
Negative Value fer К ША ıs not cdefined. 
At Oz] 


_ 4 = 4 لے‎ 
"un SIM В CosTT pos 
зо Mat vV =o fer 
Sta ўлаїтом pent occurs at 


Q-77 ana FFB 
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6.37 It is known that the velocity distribution 
for two-dimensional flow of a viscous fluid be- 
tween wide parallel plates (Fig. P6.37) is para- 
bolic; that is 


ep] 


with v — 0. Determine, if possible, the corre- 
sponding stream function and velocity potential. 


FIGURE P6.31 


lo determine the stream tanchon let 
. ov . __ IC 
e < 295 = С [! CE) ] 
Gnd integrate twin re spect do у fo obtary 


where C 15 an arbitrary Constant. 
To determine The velocity potential let 
= ga. 
E E enis -{ 1°] 
Ond integrate with respect to x te obtain 


fag à = [е [ж 


g= D, [ x - Gs | + Áo» 


However, _ oZy o 2,492 
Бї 729 
«nd This relationship cannot be satished for all values of 


X and 4. Thus, There Is Mot a velocity potential That 
describes This flow Cihe flow is sot Irotatona/ ) . 
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6.38 


Smee 
Is IFrotatioenal and the 


6.38 The velocity potential for a certain inviscid flow field 
is 

= (yy) 
where ф has the units of ft/s when x and y are in feet. Deter- 
mine the pressure difference (in psi) between the points (1, 2) 


and (4, 4), where the coordinates are in feet, if the fluid is water 
and elevation changes are negligible. 


any +wo pone. Thus, 
2 
£58. ET ae $5. и 
^ 242 т 2g 
Also 
i LS = 24 ي‎ 
u = Эх 6X8 v: 5“ 
At х: 122 у = 2 ft 


So 
At 


/ 
ш = OE) = -n& 
5 


зт = 30) 36) 9 


that h “= ar 252 = (us £) + (7#)* 


Х=# у= ft 
a= ~EMA) = — 7h ft 
10 = =, 3(4)*=0 


pus УЕ 


Thas, 


from 23.01) 
5-5: £3 [ 8 V] 


= ize 


ey. са (- п 28)“ «s (| 


2 [322 N 22) 


^ 2 


= #7 th, =( gto (SH 
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9 = 02.5 Ps. 


The Flow feld +s described by a velocity potential Tne Hour 
Bernoulli eiua 10m Can be apphed between 


(1) 


6.39 
6.39 The velocity potential for a flow is given by 
"C NEM 
Фе =) 


where a is a constant. Determine the corresponding stream 
function and sketch the flow pattern. 


àv 234. 
es Ер = Dx = QX 
To dederme Y integrate with respect to y t obtain 


fay = faxdy 


Y= axy + £ (x) д. 
Simi larly , 
ё-92Ф _ _ 
So That 
fays fay d x 
or 4 c2) 
i= Яху YT 2 5) 
To Satisty bom Egs, (1) And CL) 
y= axy +C 


there C is an arbitrary Constan Ё. let C20 Sem That 
uU. (>) 
ad 

br a Sivea a Те streanline pattern 15 obtained 

by setting V egual 7» various Constants. for Ш= о 


the xand y axes are Streamlines 


Z 


rectangular hyper bolas 
€5 shown in the sketch, 


The Streamlines are 
peo 
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6.40 Тһе stream function for a two-dimensional, nonvis- 
cous, incompressible flow field is given by the expression 


= -2- у) 
where the stream function has the units of ft?/s with x and y in 
feet. (a) Is the continuity equation satisfied? (b) Is the flow field 
irrotational? If so, determine the corresponding velocity poten- 


tial. (c) Determine the pressure gradient in the horizontal x di- 
rection at the point x = 2ft, y = 2 ft. 


(4) To Sa Listy the continuity eg uation, 
AR ee 3 
Ax 99 
for The stream function given, 
= д y = ft = م‎ = £t 
к= Aw ^ ex ET б és 
SO that 
EH g QU =o 
2x ð y 


and The Contnuits аа ı5 satushed. Yes. 


(de: When « flee Held 45 defwed by а stream function 
The Continuity eguation 15 always identically satisted, ) 


(5) Since 


zd àv gu 
0, = 5 б-де) Eg, б) 
and да 3 2v. 
35 e 5х = 0 
iE follows That e, =0 anel The Flow Leld /5 irrota tional. Yes, 
Psi w= 24 = у= 2ф = 2 
дх д 


Gnd integration Grelds 
۾‎ = 2 + 4)4 C 
Where C us an arbitrary Constant , 
(с) Wilh The р. 4x15 MAN v=, and Р 
~ $f ep (а 5 + gf) ее 
and at Ma ift, 9 >= 2£4 ар ^ [c £t (o) Ф 2 0)] = О 
E "7 
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6.41 The velocity potential for a certain inviscid, incom- 
pressible flow field is given by the equation 


ф = ay - (y? | 
where ф has the units of m?/s when x and y are in meters. | 
Determine the pressure at the point x = 2m, y = 2m if the 


pressure atx = 1 т, у = 1 m is 200 kPa. Elevation changes | 
can be neglected and the fluid is water. | 


Since the flow js Irro ta tena, 


Po Mn ^h. bs 


ath "= +r Bir Pha velocity pottnhal given, 


. 99 . 4 2f. 265 
к” ^ = Ре 25 ы 
AZ pen? / fed X=/lm and 4 = Гап зо Tu | 
2. = 4 (l) = к 2 v: 20)" = Br)" = е 
mr 


ancl y = (4 er = fi 


5 
At pom t a X= 2m înd J 3 2m so That 


UNE: 4 (2)(2) = /& = Мт 2 (3)'-2(2) —o 
ancl 2 ag 


y 2. 

Ж = | + 23 ( y, * V2 ) 

з y „(бшнп LA) / m^ x) 
Z t = lo, 7 256 

am 2 (471%) 


L 
у 
"à 

a 
aO 
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6.442.A steady, uniform, incompressible, inviscid, two-dimen- 
sional flow makes an angle of 30° with the horizontal x axis. 
(a) Determine the velocity potential and the stream function for 
this flow. (b) Determine an expression for the pressure gradient 
in the vertical y direction. What is the physical interpretation of 
this result? 


(A) Frem ERs. 4.80 and Ь. 1 
d = U (х tosd + sino) Eg. &. 46 ) 
Gna pr &=30° 
b= С (x s3 + y sindo) = (оак + 0.5005) 
Siu lar ls 
Ш = U (4 cose —X sind.) (Eg, 6.81) 


ana fer e = 50° 
(р = U (4 376° х sin jo’) = U (0.8664 - 0.500x ) 


(b) Jince 
а = 2ф Quae V = 2d 
9K 5 


Ё follows That 
L-6.9LLU Ana V= 0.500 U 


From The Euler e$ ua tion m the vertical Y~ divection 
ы OF le д д oy av 
Ada 27 p ( $£^ "LES 7 Sy +290) СЮ, 

Qua With T= Constant and M wee 

oP = 1 

д9 Л 

OP — у 
серр 
This Кези ЇЕ indicates hat the pressure distribution 15 
hydrostatic This 1s hot a surprising result since 
72e Bernoulli ef uation ий cafes Tat i£ There 15 
No change (л velocity The change in Pressure is 


Simply due P Te weight of пешй, LE, Q 
hydrestahé Variaton. 


or 
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6.43 The streamlines for an incompressible, 
inviscid, two-dimensional flow field are all con- 
centric circles and the velocity varies directly with 
the distance from the common center of the : 
streamlines; that is 

De = Kr 
where K is a constant. (a) For this rotational flow 
determine, if possible, the stream function. (b) 
Can the pressure difference between the origin 
and any other point be determined from the Ber- 
noulli equation? Explain. 


Iit follows That | a function of Ө and therehre 


UY = HE uc 


where (см MA arbitrary Constant. 


(4) The Фош ıs rotational and therefore the Bernoulli 
equation Cannot be applied between The erm and 
any point, since These pomis are not on Те 
Same streamline. No. 

(Refer fo discussion e@ssociated wit, derivation 
ef E9. 6.57. ) 
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6.*4^* The velocity potential 
¢ = -k(x - у) (К = constant) 


may be used to represent the flow against an in- 
finite plane boundary as illustrated in Fig. P6.44 
For flow in the vicinity of a stagnation point it is 
frequently assumed that the pressure gradient 
along the surface is of the form 


| FIGURE P6.44 
where A is a constant. Use the given velocity 


potential to show that this is true. | 


For The velocity potenta)! given 
g24 


z = 24% 
and the Stagnatiin pomt occurs at the origin . 
for Ths steady two-dimensional flow 


=d -o (n Z : (£s. osla) 


and along The surface (у=о) =o So Thad 


From Ex 0) and Therefore 


arn Eg. (27 


where А=АБ*, 
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6.45 Water is flowing between wedge shaped 
walls into a small opening as shown in Fig. P6.4S. 
The velocity potential with units m?/s for this flow 
is ¢ = —2 ìn r with r in meters. Determine the 
pressure differential between points A and B. 


Z A 6 ! |в 
40.5 Sa l 


FIGURE P6.45 


та СУ 


Along The hongental surface ‚120, and 


7 


So that 


Thas, 
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6.46 An ideal fluid flows between the inclined 
walls of a two-dimensional channel into a sink 
located at the origin (Fig. P6.46). The velocity 
potential for this flow field is 


ф= уг 


where т is a constant. (a) Determine the cor- 
responding stream function. Note that the value 
of the stream function along the wall ОА is zero. 
(b) Determine the equation of the streamline 


passing through the point B, located at x — 1, FIGURE P6.46 
у = 4. 
(a) 43,5 Ri 24 = 28 zo 2a C1) 
k е 26 ar 27} 


L^fvegmie E34.) wiTh respect to Ө fo обл 


fay = {2 dà 


or 
г ae (h 
EE и 
Since ду 1 àó ё2 
„2р L, ) 
Va ar ` F дө O 


Ш 4s hot a anchoa of F so £2.(1) becomes 
Y= т Ө + С 
47 
Where С B a Constant. Also, Ш=о for E d 
So That 7 


ise. ^: 
CENE, 
фе ж bee 2 E 
(b) At B danb* so Tut OQL33»rad. From Eg.) 


the value of Y passing Trough Ts point /5 
= m ( 432 - 2 )- Ф. 045 0m 


Gra 


ELI 
and Therefore The eguation of The streamline passing Through B 
Is E / 
0. 0450 m* т (е - d 
id O= 1.33 rad 


(0, Je: Id can be seen trom Eg (3) that the streamlines 
аке a// straight lines passing Through the origi, ) 


(Жуу, 


6.47 It is suggested that the velocity potential 
for the flow of an incompressible, nonviscous, 


two-dimensional flow along the wall shown in Fig. 
P6.47 is 


ф = ғ“ cos 40 


Is this a suitable velocity potential for flow along 
the wall? Explain. 


ІЁ this з а suitable $ the corresponding Y must have a constant 
Value along the wall (since Тие wall must tervespond to а streamline). 


oh FU MB. s % 4 / 
YP Л” у^ Ces gO з 


Lntegrate Eg 0) with respect fo Ө Ф офу 


7. 
dys [tr 7 tes £68 


or , 

Ш = HF sin T T £ р) (2) 
КУ арі j 

» = Uf z 4 26 = ~ + * m & 8 
© or ` Foe 3 "3 
% 

aN fay = UE: P sin i6 dr 
er “ 

W = F?* sin 6 + £ (8) (3) 


To Satish both Ё#$.(г)аяпа (3) 

y= +8 sin * g + 
where С is an arbitrary Constant. 
Along one section of The wall, 8*0, and =C. Along 
The other section O^ r4 and = С. Thus, Ip has a 
Constant value along The wall and The given velocity 
potenhal Сап be used do represent flow along 7he wal). Yes. 
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6.49 As illustrated in Fig. P6.49 a tornado can be approx- 
imated by a free vortex of strength Г for r > R,, where R, is 
the radius of the core. Velocity measurements at points А and 
B indicate that V, = 125ft/s and Vg = 60 ft/s. Determine the 
distance from point A to the center of the tornado. Why can the 
free vortex model not be used to approximate the tornado 
throughout the flow field (r z 0)? 


m FIGURE P6.44 


For A tree Vor Lex 


Thus, at 7 Va 
= fE z 
and at Fz J UD - 60 =, So Жат K 


There fore , 
/25 A = 60 » 
qne since 
| Б, -h = loo {% 
It follows That 
125 = 60 (оо th) 


or 


Ja = 12.3 ft 


The hee vortex cannot be used do apprormale а tornado 


Throughout The flow Held Since at F=o 
Velocity becomes Infinite. 
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6.50 Ifthe velocity field is given by V = аі - ау}, and a is а con- 
stant, find the circulation around the closed curve shown in Fig. P6.50. 


(11 (2,1 


BFIGURE P6.50 


The circulation is given by 
Г=ф =ф (ах -ayj)d$ , where dé is an element along the line, 


Thus, , " 

Г = ( (ахі -ayj Хах?) + (Caxt -ayf)(ayf) 
xe! = 
1 pe 

+ (axî -aypC-dxt) + (tad -ay)(-dyp) 
X*2 yz 


a 2 
= (ахах + ((-ayMy «(Caddy + (ayy 
[ 1 2 2 


- f axd - {ауду (axd -faydy 
2 2 
= 2a (xd - 2a f y dy 
П) l 
= 2a(2) -2a(2) =0 
Thus, 
[e] 


Note: This flow is irrotational. That is vxV zo, For алу 
irrolational flow the circulation js identically Zero. 
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6.51 Тһе streamlines in a particular two-di- 
mensional flow field are all concentric circles, as 
shown in Fig. P6.5/. The velocity is given by the 
equation ов = wr where w is the angular velocity 
of the rotating mass of fluid. Determine the cir- 
culation around the path ABCD. _ 


EP FIGURE P6.5! 
[= V- ds 
ABCO 
"ff tde + Y dr [ad + [gar ee) | 
4з Вс со 24 | 


Since 720 qnd L^ cor , £4, (1) becomes 


e; 9, 
[T= wb da +2 2^ ac +O 
6, Ө, 


= Wb (8 -0,) + (да (6,-6, ) 


П: & (6,-6,)(47-a*) = WAG (ta?) | 
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6.52 The motion of a liquid in an open tank is that of a combined 
vortex consisting of a forced vortex for 0 = r = 2 ft and a free 
vortex for r > 2ft. The velocity profile and the corresponding 
shape of the free surface are shown in Fig. P6,52. The free surface 
at the center of the tank is a depth h below the free surface at 
r = oo. Determine the value of h. Note that h = Ap + Atreo 
where Мек, and A, are the corresponding depths for the forced 
vortex and the free vortex, respectively. (See Section 2.12.2 for 
further discussion regarding the forced vortex.) 


N 


| >—+} 


MFIGURE P6.52 


Б, forced Vortex 


Ee 2, 32] 
gi ye (ёз 

2 
and with me at rz=o ıt follows That C=O. 


Aba, 15 = ro and since 0 ТЕ of r=zft 
Ww „prad 


Cui = ss = s 
2% 
Thus, at r= 24 Р ^ 
i wr? _ (5 8) (2 fe) 2 L55 £4 


ана 
2.2. Ў, (32,225 ) 
For free vortex sen: Exam ple bi 


774 
== im r^g 
Where [= 27те Vs 
o thak 2 5 , " 
di o. omela) 32.2 ЕЕ 
Thus, 
um ^ + = Lefer. sot = 2.10 ft 
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6.5.3 When water discharges from a tank through an 
opening in its bottom, a vortex may form with a curved sur- 
face profile as shown in Fig. P6.53 and Video V6.4. Assume 
that the velocity distribution in the vortex is the same as that 
for a free vortex. At the same time the water is being dis- 
charged from the tank at point A it is desired to discharge a 
small quantity of water through the pipe B. As the discharge 
through А is increased, the strength of the vortex, as indi- 
cated by its circulation, is increased. Determine the maxi- 
mum strength that the vortex can have in order that no air 
is sucked in at B. Express your answer in terms of the cir- 
culation. Assume that the fluid level in the tank at a large 
distance from the opening at А remains constant and viscous 
effects arc negligible. 


From Example b.b, 


Г 2 
Z =- 
ETF 3 


Air will be sucked sto Pipe tJhen 7 ==1+#ё A. غ‎ fA. 


lhus, А 
[s - arig ~ 80? GR (52.2) Crte) 
oF 
a 
Ig а 
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6.54 Water flows over a flat surface at 4 ft/s as shown in 
Fig. P6.5^ A pump draws off water through a narrow slit at a 
volume rate of 0.1 ft?/s per foot length of the slit. Assume that 
the fluid is incompressible and inviscid and can be represented 
by the combination of a uniform flow and a sink. Locate the 
stagnation point on the wall (point A) and determine the equa- 
tion for the stagnation streamline. How far above the surface, = 
Н, must the fluid be so that it does not get sucked into the slit? t 


(per foot of ‘length of stit) 
m FIGURE P6.54 


F _ Lum M 
Y= СИ E МАУ, = Ursmó ш ida 
ou) 
Thus, ? 
uA ДЕ VL Br _ m 
ш em U Cos 6 am. (2) 
and 29 . 
a ues -U 
% 57. sin @ 


Along The wall Ug =0 , and The stagnation point OCCU r$ 


where Tc. So het from E9 , (2) 


" sa Л 
oe U fssío*) Een 


and Therefore. 
ә 


Am LU 


- 2 
fo LA 4 Le ори m= 02, 2 7 { nate That a Source Ss rengt 
of 0.2 f e ft> must be used 4. obtain ane” through slit 
Which 7s only one half of хл ‘fall жый. Thus, 
H? 
kK > 02 er 


27 20 
5 


= 0.00746 32 


ann The stagna tios pont is on The wall О, 00776 £2 


Lo The right of sh. 


( cont) 


NTE 


( Con 2) 


The value of Ш af the stagna tion peint (r= 2.0074 А, ð= 2“) 
/$ gero (ез. /) so That The eg uatlow of The ch 
streamline is 


Since y= rsin® The efua tion of The stagnation streamline 
can be writen as 

4 = P 
Fluid above The stagna tou streamline will not be sucked into 
Sit, Гле maximum clistance Mu for the stagnation streamline 
OCCurs as Ө — T So Tht 


= = c. m 8 3290 


(же : AII the Fluid below the stagnateu streamline must pass 
Through The 5/2. Thus ر‎ from conservation of mass 
HU = flow iib slit 


2) = 


Ё = = 0, 0250 f£ 
TÉ 


which checks with The answer above, ) 


6.55 Two sources, one of strength m and the other with strength 
3m, are located on the x axis as shown in Fig. P6.5.5. Determine 


the location of the stagnation point in the flow produced by these 
sources. 


BFIGURE P6.55 


Since the tow from each source Is in the rada! 
direction, rE rs only aleag The x-axis That the two 


Vadal Cemperentss Can Cancel and Create a stagnation 
pont 


For Soare lI) 


ant fr source C2) 


— 
-— 


42. zm. 
The stagnatiin Pant occurs where LL 
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| 

| 
6.56 Тһе velocity potential for a spiral vortex 
flow is given by ¢ = (Г/2л) 0 — (m/2z) In r. 
where Г and mare constants. Show that the angle. 

| a, between the velocity vector and the radial di- 
rection is constant throughout the flow field (see 
Fig. P6.56). 


FIGURE P6.56 


Fe. Тие velocity potential given 


„ 29 _ т s gy. X" 
S da; ==. کے‎ 
же RE IV) cone 
gnd из A А 
ү = 026. + BS 
— 4 
Then у. € Vy 
Cos e = — = 
lV | VI US 


| | + (zy 
| 


\/ | «(LZ )* 


Тйиз, a given {С and ат the angle e 15 
а, Constant. 


6.57 For a free vortex (see Video V4.4) determine ап ex- 
pression for the pressure gradient (a) along a streamline, and 
(b) normal to a streamline. Assume the streamline is in a hor- 
izontal plane, and express your answer in terms of the circu- 
lation. 


For а free vortex 
(E3. 6.91) 


So That 
+ ду 27ү 


5 Ince The tree vortex represents an irrotatina/ Flow) 
field, The Bernoull; ef uation 
f. V* pz = Contant CI) 
A | 
ıs Valid between any Ewo points . 
(а) Along a streamline ( F = Constant) ‚ V& 15 Constant 
and Vj20 so That trom £4.) шти 
2 Constant The Pressure 13 Constant, L-l, 
2P = 
2e 


(b) Norma) do the streamline with Vi. =0 4n4 Z= Constyut 


Ф + Ki + Ё = Constynt 
d FE 


50 mat 


АР 
2r 
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6.58 (See Fluids in the News article titled "Some hurricanes 
facts," Section 6.5.3.) Consider a category five hurricane that has a 
maximum wind speed of 160 mph at the eye wall, 10 miles from the 
center of the hurricane. If the flow in the hurricane outside of 
the hurricane's eye is approximated as a free vortex, determine the 
wind speeds at locations 20 mi, 30 mi, and 40 mi from the center of 
the storm. 


hr {ree vortex 
a & NATA 
vas Kk (8 


Thus, «t eye wall 


оа x 


10m: 
5o that 
K= (ьо три )(1о тс) 
and 
(Io mph (10 т) 
ys empate 
в 
For, ( i 
ьо 10 
з= omi = t uim uen 
Va = Зо те Va = жашыса = 52.2 mph 
fg = Чо m Vo = ымы CLA TT 
mic ш үг 
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6.60 
P6.60a) can be described with the stream function 


Potential flow against a flat plate (Fig. 


y = Axy 


where A is a constant. This type of flow is com- 
monly called a “stagnation point" flow since it 
can be used to describe the flow in the vicinity of 


Л 


(а) 


"FIGURE Рб. 60 
-A 


p= Axy + 2 о = © 


Fer The bump the stagnation point will occur 


x20, yah (ө= T F=f). Fe 
2H Жи am 
UL P 25 Фр Cos 20 + oe 
and 
з ж Ar si» 20 
e ab 


The pent, 6-2 


the stagnation point at O. By adding a source of 
strength, m, at O, stagnation point flow against 
a flat plate with a “bump” is obtained as illus- 
trated in Fig. P6.60b. Determine the relationship 
between the bump height, h, the constant, A; and 
the source strength, m. 


к?з 20 + 


at 


r the given o Cream function, 


C!) 


, read , will be a stagnation point IF 


VLTO since V5*o at This point. Thus, trom E3.0) 
= 7 — 
о = АА (057 + a 
or » ا‎ 
Ah = ark 
and There bore 
fs m 
AIT 4 
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6.61 |The combination of a uniform flow and a source 
can be used to describe flow around a streamlined body 
called a half-body. (See Video V6.5.) Assume that a certain 
body has the shape of a half-body with a thickness of 0.5 m. 
If this body is placed in an air stream moving at 15 m/s, 


what source strength is required to simulate fIow around the 
body? 


The width of half- Бобу = 2тЬ See Fig, 6.24) 


So That he CE 


LT 
From & 3.6.77 


_ 
5 = ЁЛ 


where m is the source strength, and Thevefre 


27074 = an (15 ai) без 


cu 277 


7.50 


m > 
ka 


6.62. A vehicle windshield is to be shaped as a portion of a half- 
body with the dimensions shown in Fig. P6. 62.(a) Make a scale 
drawing of the windshield shape. (b) For a free stream velocity 
of 55 mph, determine the velocity of the air at points A and B. 


Windshield 7 


U = 55 mph { 
ی‎ 
А 2.0 ft 


BFIGUAE P6.62 


(2) From te Ligure 
bt+rese@ = Z fe 


Pisum = Lote 
Gua £r A half - body 


_ br-89) E 6.100) 
ы sin e 1 $. 
The Above Cguations Can be Combined +e give 
l І 
> F ت‎ 
17-6 tan 2 
Фийд A trial And Скок solution foy O 4105 


C= 0.459 rad (49, °) 


= 
— 


1.5 £4 


ы ЙЕ FE 
Tr - 0.634 rad 


ps 2.051 2 (1r- 8) 
Sin 6 


E fua tion £s) Fives The profile РУ Е The 


Windshield ang With X=rCose and 


Из sig The Xand 9 Coordinates Can be 
obtain eA. Tabu lated data йл а plot 
Of The data Lollows. 


d lont) 
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3.042 0.652 -0.649 0.065 
2.942 0.655 -0.642 0.130 
2.842 0.661 -0.631 0.195 
2.742 0.669 -0.616 0.260 
2.642 0.679 -0.596 0.326 
2.542 0.692 -0.571 0.391 
2.442 0.707 -0.541 0.456 
2.342 0.726 -0.506 0.521 
2.242 0.748 -0.465 0.586 
2.142 0.774 -0.418 0.651 
2.042 0.804 -0.364 0.716 
1.942 0.838 -0.304 0.781 
1.842 0.878 -0.235 0.846 
1.742 0.925 -0.157 0.911 
1.642 0.979 -0.069 0.977 
1.542 1.042 0.030 1.042 
1.442 1.116 0.144 1.107 
1.342 1.203 0.273 1.172 
1.242 1.307 0.423 1.237 
1.142 1.432 0.596 1.302 
1.042 1.584 0.800 1.367 
0.942 1.771 1.042 1.4432 
0.839 2.015 1.346 1.499 
| 


А ӘР 
-1.000 -0.500 E 0.000 0.500 1.000 1.500 
x, ft | 
* 0.01) 
(A) И = p (14 2 4 ts + ё) (Ey. ¢ 
Bint А 5 а stagnation Point So That Ий =0 


AL the top of The windshield (pint B) Oe 0.34 rad ank 
r= Zo; ft So thet 

“= (ex три) + 2 
29.2 mph 


0.65) Ft 


2, {5/ id] 
2,01 £0 £ft 


| ees (0. 839 rad) + T TEL 
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6.63 


6.63 One end of a pond has a shoreline that resembles a 
half-body as shown in Fig. Рб. 63.A vertical porous pipe is lo- 
cated near the end of the pond so that water can be pumped 
out. When water is pumped at the rate of 0.08 m?/s through a 
3-m-long pipe, what will be the velocity at point A? Hinr: Con- 
sider the flow inside a half-body. (See Video V6.5.) 


m FIGURE P6.63 


for a half-bods , 


dec esses Te (E3. 6.97) 
бо That 
geek a U s^6 
and д 
4 7T = резо = 
° у 22 NEZ 


Thus at peint А Gre, Б /S am ала 
2 / 


=o 


Op? Vas am (is) 


3 : 
For & Flow ra te of 0.06 T ГРА а I -m long pipe , the 
Source strength i 224 m7 Since 


5 
74 E (Eg. 6.99) 
Then with 5 > Sam m (2.06 m*) 
U = Tey = 3 5 = 637 x10 < 
27 (5) 
From E. (4) [0.06 m>) 
-# m 2 “Fs 5 
V. = 6.37 X 10 5 ar (1524) 


-* 
= 9,49 x10 xd 
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6.64 


6.64 Two free vortices of equal strength, but opposite direction 
of rotation, are superimposed with a uniform flow as shown in 
Fig. P6.64% The stream functions for these two vorticies аге 

—[+TK27)} In ғ. (a) Develop an equation for the x-com- 
ponent of velocity, и, at point Р(х,у) in terms of Cartesian coor- 
dinates x and y. (b) Compute the x-component of velocity at 
point A and show that it depends on the ratio Г/Н. 


BFIiGURE P6.64 


(@ Br vertex 0), der. Жк : Plss) 
— Ü 
and de s e = as shown ر‎ SN "Ve, 
z ^ 
Where Singe: ML ШИ mem ЧЕ ا‎ » 
cm ee × | ۶ 


Ond jjs ES lı 
so that 
я = ory (4- [e T ue) 
For vortex (2), 4 = -E t Vez 


T - y el 
m n 9 ео y) 
= = . u 1 
Л int, as Shown 2 کے‎ 


ЗЫ em Voz sin oL 
йе... 
К Жу x>] р 
д if 
2. 4| “2 
= [fyt + 4 


So that 


Е (&) ytH ) 
de "bzw (n HY + x? (cont) 
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Where јао = 


(cont 2 


Thus, Combining the we vortices with the uniform flow 
gives The x- Component of Ve loc, ty 


U=u, +й, + U 


ES u-H Y+H 
= [at tB U 
„ШЧ ie) t Gth) x2 $ 


(b) At pont А Where х=Ч=0о, Ее, (1) gives 


n 
ы ы H 


( 
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6.65  ARankine oval is formed by combining 
a source-sink pair, each having a strength of 36 
ft?/s, and separated by a distance of 12 ft along 
the x axis, with a uniform velocity of 10 ft/s (in 
the positive x direction). Determine the length 
and thickness of the oval. 


S š 7 + | (£g, 6.107) 
2 Г. е, 
hs i i -1 | tan pet] (Се. RS 
2. 2 = 
Fui жек ИЕ S йй, aad I EE, 
fte 
Tr T ( 2 pete т 5,24 
ma 


Thus, length 220 anq from E24, 6./07 
% 
length= A core) | “+ ] S 


li 


The thickness, 24, can be determined tron Eg, б./о% Ly 
trial and error. Assume value for A Je. and Compare 


with right hand side of £3. 6.107. (See table below, ) 


A = Пер ion E (5,24) | 


6.250 O. 265 
e. 25! Ф. 262 
0.252 о. 24 
o. 253 0.250 < use 


Thus, А a ozss 
а, 
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*6.66 Make use of Eqs. 6.107 and 6.109 to 
construct a table showing how (/а, hla, and Hh 
for Rankine ovals depend on the parameter л Ua/ 
m. Plot l/h versus л Ua/m and describe how this 
plot could be used to obtain the required values 
of m and a for a Rankine oval having a specific 
value of (апа ^ when placed in a uniform fluid 
stream of velocity, U. 


А E 
rr 
== ED t ] (Eş. 6.127) 


£. Ay] [afe] шшш 


where The length of the body 15 22 and the width is 24. 
for a given Value of тат, £4. 6.107 Can be soled 
for L/a , Ind Eg. 6.109 Can be solved (Musing an iteration 


procedure ) hr A/a. The ratio LIK tan then be determined 
Tabulated data are Given below. 


and 


nUa/m t/a h/a eih 
10 1.049 0.143 7.342 
5 1.095 0.263 4.169 
1 1.414 0.860 1.644 
05 15432 1.306 1.326 
0.1 3:917 3.1 1.066 


0.05 4.583 4.435 1.033 
0.01 10.050 9.983 1.007 


A plot of the data 15 shown on The next page. 


(Coat д 
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6.66 


Соо 2 


nUa/m 


For а Kankine oval with £ and & specified the following steps 
Could be followed fo determine m and a: 
(1) For a given L/K determine the raura value of T Da em 


from The graph. 
(2) Using This value of TU. Calculate 2/4 {rom Eg. 6.107. 


(3) Wim The Value of £fe determined , Qne L specifi ed, de ttrmmne 


the talue ef a. 
L4.) bith TUa/m and a determined, the value of Lr/m 
Is known, and fer a given U The value of m is fixed, 
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6.67 Ап ideal fluid flows past an infinitely long 
semicircular *hump" located along a plane 
boundary as shown in Fig. P6.67 Far from the 
hump the velocity field is uniform, and the pres- 


sure is p,. (a) Determine expressions for the max- 
imum and minimum values of the pressure along 


the hump, and indicate where these points are 
located. Express your answer in terms of p, U, 
and po. (b) If the solid surface is the y = 0 stream- 
line, determine the equation of the streamline 
passing through the point Ө = z/2, r = 2a. 


(а) On Те surface of the hump, 
2 3 
ja Ё + зА (ч ¥ Sin ә) (єў. 2.12) 


The maxim urn Pressure occurs where sin Өзо , or at 2-0 77, 
and at These peints 


Ф (тах) = f+ gp (at e-o ane T) 


The Minimum Press ure eecurs Where sin © = | or at ө= Т 
and at the pent 


R 3 а 
$m): B1 (at o> Т) 
(b) For umform {low т The negative x-direction, 
= a^ ; 
3 Ur (1 = 2) sin B 


(vedere te discussion associated with The derivation of E3. 6.112). | 
At Ө= 2, раза | 


>, 
“> © T 3 .z* 
ee ia нра ск JJ a- = = & 


and Thus The € uation of The streamline passing through 


) 


This point is Я 
Ss VA а? ) sin 6 
A 


2 
(1- 2) sin == / 
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6. 68 


6.68 Water flows around а 6-ft diameter bridge pier with a 
velocity of 12 ft/s. Estimate the force (per unit length) that the 
water exerts on the pier. Assume that the flow can be approxi- 
mated as an ideal fluid flow around the front half of the cylin- 
der, but due to flow separation (see Video V6.8), the average 
pressure on the rear half is constant and approximately equal 
to J the pressure at point A (see Fig. P6.68). 


Pia Fig. 6.29 st follows That the drag 
ол a section C between C=0 ana © =d) 


of a Clreular cghader 3 given bg Те ef uation 


Drag = Pa -- | ۾‎ (059 ad 


0 
Lor The force on Tue froat half Æ Же cylinder 4 per unit length) 
r 
r "Ti Ё сср ada (1) 
СА 
ana dye То Symmetry 75,70. From Eg. 6.16 
£- h * xev d X зл?) (аз. ёш) 
ant since we are only interested mm The force dye £s 
The flowin; Fluid we ml fel 2-0. Thus Stom Eg.) 
um 


e 27! тё? (1 — * sin^ P) сазо A de (2) 
3 " % em 
AE | ae = smo | i, 
We ^. 
T 
y am КАС Ре E 
Qn d [ 99 cesed = sa | T = 
7 Th 
2 
[Con t ) 
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2.28 ( cont) 


4 follows trom Eg (2) That 
5 “д 
pr eR 


Mote Met Jie negative Sign Indicates Thet The water 5 actually 
Pulling” ол The С 7 linae (ront hal) /л The a pstream direction. 
when Thé effect of tne rear holf of The cylinder 15 taken 


However , ч 
inio account (уй а real Fluid) Tere will be a net drag in the divecton of flow. 
7^e pressure at tne top of the Cylnder (peint A) 15 Giden by и 
Iip” T 
p= Ё+ 207 (1- нет) Ёа. 4. 19 
диа with о: TA 
е 3 А 
fa = PR ah U 


ounce p, =° 
3 ү # 
SAU 


y т 
gwe а positve Б, 


Mate That The negative pressure will 
Que А, Я 
7 == < x Projected Area =- fa x 1а.(1) 


Se that a 2 „р? 
hsp pi taal) = gee? 


Thus 
› Б; = Б, + Ey 
"mmi " 3,0174 
3 © 


= 1% " 
а 


With Те data given, 
Ет (11+ 8 (2 €) GA) = m d 


ee 
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*6.6Q Consider the steady potential flow around the cir- 
cular cylinder shown in Fig. 6.26. Show on a plot the vari- 
ation of the magnitude of the dimensionless fluid velocity, 
V/U, along the positive y axis. At what distance, y/a (along 
the y axis), is the velocity within 196 of the free-strcam 
velocity? 


A long the y-axis Vi=0 So That The тазаа 77E 6.26 


of Te velocity ,V, ks egual to /"5|. Since 


75 = = (1+ а.) sing 


Ho follows Tet along the posihre g- exis (0 = Ш s 29) 
s [#5 | = {зе кы 


(Eg 6.115) 


or v _ Ey a? _ Je Es 
U “Ж (2)* (1) 


Tabu lated data and a plot of The data are given below. 
ІЁ can be seen from these results That tr 


The velocity V is wilh 1% of The Lree-stream Vel oc rs 


2.000 


у/а V/U 
1.00 2.000 1.900 
2.00 1.250 1.800 
3.00 1.111 1.700 

. 4.00 1.063 
5.00 1.040 2 1:900 
6.00 1.028 5 1500 
7.00 1.020 1.400 
Т 1.300 
1000 1.010 1:200 
1.100 


1.000 - 


1.00 200 300 400 5.00 600 7.00 800 900 1000 
yla 
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6.70 Тһе velocity potential for a cylinder (Fig. = 

. P6.70) rotating in a uniform stream of fluid is — 
a? Г Ea 

p= ur )1 + 5) coso + 0 ER 

where Г is the circulation. For what value of the = 
— 

— 


circulation will the stagnation point be located at: 
(a) point A, (b) point B? 


FIGURE P6.70 


a) ? = E ( £. 6 128.) 


At point А, Cas 0 and «wt follows That ETF 


(bh) At point В За. 7 т, aud trom Eq, blr» 


[= ¥rUa sin a = ~ 4mnUa 
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6.71 


6.71 Show that for a rotating cylinder in a uniform flow, the fol- 
lowing pressure ratio equation is true. 


Here U is the velocity of the uniform flow and q is the surface speed 
of the rotating cylinder. 


(1) 


(2) 


Prop ~ Pootto 3 8q 
Pstagnation U f 


From Eg. 6.123 the pressure on the surtace is 
‚2 I 0 = 
74 +200 (1- 4 s/n 0 t 2 ле - 7722р) 


"m Г = S y V:d$ is the cirevlation produced by the rotating 


cylinder 


Thus, for the curve С = cylinder surface where > = (22, ):(а292)) 


we ‘obtain = ag dé 


i 0029 -27a 
"Pt f f 
From Eq (1), at the top Mp" , 


= A 
{юэ ^ fr * z pU те ш #7 E 
and at the bottom (0 = 270°): 

2: IL p* 
Potion = ff *ZpU (По E тг” 
so that А 
I 2 

Prop онт = 20 U (жа), where + +00 = f lagnalin 
Note: The sta gnation point has V =0, dvt does not occur at the 

front ‘edge ” of the кш 2 ylinder. 


Thus, [hop {нт _ 4P 
f stagnation maU 
or using Ёд, (2), 


fos {Жет _ Re. -E (2748) = $4 


fetagnation 


=———«_ 
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6.72 (See Fluids in the News article titled “А sailing ship without 
sails," Section 6.6.3.) Determine the magnitude of the total force 
developed by the two rotating cylinders on the Flettner "rotor-ship" 
due to the Magnus effect. Assume a wind speed relative to the ship 
of (a) 10 mph and (b) 30 mph. Each cylinder has a diameter of 9 ft, 
a length of 50 ft, and rotates at 750 rev/min. Use Eq. 6.124 and 
calculate the circulation by assuming the air sticks to the rotating 
cylinders. Note: This calculated force is at right angles to the direc- 
tion of the wind and it is the component of this force in the direction 
of motion of the ship that gives the propulsive thrust. Also, due to 
viscous effects, the actual propulsive thrust will be smaller than that 
calculated from Eq. 6.124 which is based on inviscid flow theory. 


(eg. 6,124) 


(eg. b.87) 


db ё, 


сааса в) &.& = zmY'eo 


2 ха)" (150 f ar Les ) (m) 
0440 £ 


and 2 
fya (0.00238 7487 0 e EE 


Boft ana 
wind Speer = [0мри, 


са) Бү a cylinder with length = 
Number of Cylinders = 2 ana 


е, | e ооа) о) mt) (s) 0) 


34,400 |b 


(b) At 36mph 


| F, |= 3х (Re 10 mph) = |05, 000 IL 
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6.73 


6.73 А fixed circular cylinder of infinite length 
is placed in a steady, uniform stream of an in- 
compressible, nonviscous fluid. Assume that the 
flow is irrotational. Prove that the drag on the 
cylinder is zero. Neglect body forces. 


27 
Drag = Fe = -[ R loso а dO (Eg, 6.117) 
[^ 
ee he ipM Co esie) (eg, 67) 
Thus, 27 


zu 
a 2 
Prag = = ap | се, 48 t 2 pu" | caro de 


2T 


— 1a pv *| sàs cos d 
۵ 


Since, 2m ТГ 
| овозе = sino = 0 
Ó o 
27 2T 
аиа | TT 
SIn^& s8 ар = a ЕС 


5 


it T. oos Pat 
Drag 2 


6.74% Repeat Problem 6.73 for a rotating cyl- 
inder for which the stream function and velocity 
potential are given by Eqs. 6.119 and 6.120, re- 
spectively. Verify that the lift is not zero and can 
be expressed by Eq. 6.124. 


27 


Drag = Fy = -f Р Coso ade (E. 6.117) 
۵ 
2 
П 2 Е sa 2[l'sin8B П Ee 6/23 
Сев? [i sim Tav пра) t )| 
Thus, 2m 2T wr | 
а 2 ар — 4 | 5!" B cosa 10 
те = OU ET [ 

Drag = Z2 + SP | 1 J | 
0 | 
ЛГ " т | 
[Л | 
t 27 СЕС Lu] Cos p dé | 
TU J. T a ^ | 
Н | 
Since , т ?т | 
| бозӨ dO = sine] =0 | 
o ò | 

= 

аид z t 35 5 в 
sin medot 20 7? | 
2 8 J, | 

27 = UM 

ae | coso sinD de = iJ =O 

0 o | 
it follows Thit | 
Drag = 0 | 


( cont) | 


6-16 


( Cont ) 


"21 
Lift F, = - [ +, sinê айо (Eg, 6.08) 
д 


w, th T Fiven by Е. 6.123. TE аз that ie 


27 2T 
1 1 7. 
Liftas ET " £ pU | - JE "EI 
? Jo 5 ۵ 


Since, aT эт 
| sîhê do = = cosel =0 
ô 


2 


and 21 cose zi 

EX a В (si 6+2 

д о 
ТТ. au 2T 

| sin ® 40 = EI 25) = Т 
rt follows Tha t 

Lift- - 2p (25 fm) 
Thus, 


(Which K Eg, ЖЕ?) 


6.75 Ata certain point at the beach, the coast line makes а 
right angle bend as shown in Fig. 675a. The flow of salt wa- 
ter in this bend can be approximated by the potential flow of 
an incompressible fluid in a right angle corner. (a) Show that 
the stream function for this flow is v = A r? sin 26, where A is 
a positive constant. (b) A fresh water reservoir is located in the 
corner. The salt water is to be kept away from the reservoir to 
avoid any possible seepage of salt water into the fresh water 
(Fig. 6.255). The fresh water source can be approximated as a 
line source having a strength m, where m is the volume rate of 
flow (per unit length) emanating from the source. Determine т 
if the salt water is not to get closer than a distance L to the cor- 
ner. Hint: Find the value of m (in terms of A and L) so that a 
stagnation point occurs at y — L. (c) The streamline passing 
through the stagnation point would represent the line dividing 
the fresh water from the salt water. Plot this streamline. 


om 
Dividing 
Fondos 


y 
: : 1 streamline 
E EST | x 


Fresh water 
source 


(а) (b) 
EFIGURE P6.75 


LM 
Fresh water 


(A) fer the given stream function, 
Y= Ar sinze 


Along ©=го 


Ie 


Ano 


@= t/a Т, Р 


Thus, He rays eo and 8 = TA Qa» be replaced 


With a 


Junetie» [Must be 


sald boundavy along Which The stream 
Constant. This 


bouudary 


forms a right angle ana Therefore Ths stream 


br usea m represtn} flow i a 


function» Can 
1757 angle Corner. 
СА) теб, 
— uf E 
Vis d 2y = 2Awvcos 26 
at FRA 
PT ZA рс257 = —ZAr 
For a source located at dne origin 
- em 
Г 277 
ара > pr = О. 
ТАТ Pee | FF 


То Create а stagnation peint at F=L and B= 5 


let Vp = Vr, 


Clon t ) 
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E 


(Cont? 


Gives a stagnation Pein + at FEL, д= Л), . 


(C) The combined stream functhey 15 


W=Ar*syn26+ Z o 
anada with frnz АТА? 
UÜzAr*sn5-2A1^0 
The value of U at the Stagnation pomt (r=L, = 1) 1 
= Zah E 
С? A sim + 22i (T) 


Zir 


= AL 
Thus, The equation der the streamline Passing through 
The Stagnatwh point Ji 
ALT = Ar’sin2@ + 2AU0 


3 12-2120 
F= Sin 28 


E= 28 
sin 26 
Fer plotting let 
x's F cose and Y= F'sinb 
апа a plot of The dividing streamline from 
Еф (1) 45 Shown on the following Page. 


l сол) 
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C coz»? 


Theta(deg) Theta(rad) ШЕ у' 
10 0.175 2.857 0.496 
20 0.349 1.950 0.667 
30 0.524 1.555 0.778 
40 0.698 1.331 0.856 
50 0.873 1.191 0.912 
60 1.047 1.100 0.952 
70 1.222 1.042 0.979 
80 1.396 1.010 0.995 
90 1.574 1.000 
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6.76 Typical inviscid flow solutions for flow around 
bodies indicate that the fluid flows smoothly around the 
body, even for blunt bodies as shown in Video V6.10.How- 
ever, experience reveals that due to the presence of viscos- 
ity, the main flow may actually separate from the body cre- 
ating a wake behind the body. As discussed in a later section 
(Section 9.2.6), whether or not separation takes place de- 
pends on the pressure gradient along the surface of the body, 
as calculated by inviscid flow theory. If the pressure de- 
creases in the direction of flow (a favorable pressure gradi- 
ent), no separation will occur. However, if the pressure in- 
creases in the direction of flow (an adverse pressure 
gradient), separation may occur. For the circular cylinder of 
Fig. P6.76 placed in a uniform stream with velocity, U, de- 
termine an expression for the pressure gradient in the di- 
rection flow on the surface of the cylinder. For what range 
of values for the angle @ will an adverse pressure gradient 
occur? 


From £4. G. 116 


=— 
-— 
و 
-— 
— 


m FIGURE P6.76 


R= Р f de G= se) 


7hus, 


ô fs = fev hp Cos ё 
20 nn MÀ 


Ci) 


Since an adverse pressure gradient occurs for a 
pos, іе. 25/50, г follows Tran Ёд.) Wut 2 
Alls ın The range of tT for an adverse 

Pressure gradient This range Correspnds 7 he 


Vear half of The Cylinder. 


8! 


~ 
\ 


| 
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6.78 For a steady, two-dimensional, incompressible flow, the ve- 
locity is given by V = (ax — суі + (—ay + cx)j, where a and c 
are constants. Show that this flow can be considered inviscid. 


For a two-dimensional flow the «hearing stress Is 
ва ыл sos ПИШ ИР 

бу = ye =A Cay yx 

Wilh и =ах-су and л =-ау+сх we oblain 
бу =4(-с tc) =0 


Thus, Ty =0 for all х,у and the flow can be considered 
inviscid with no shearing stress. 
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6.79 Determine the shearing stress for an ine erage ssibi- Newtonian 
fluid with a velocity distribution of V = (3xy? - 4) + 
(22у - yj. 


The shearing stress E an incompresstb/e Newtonian fluid i's 
бу = yx FA ({ +4 
2 ыг) 
и Ту A (T2 Dom 
he = А (Ж +00 
Fer the given velocity 
И = 3xy* - 4x? 
AF 2x y - y? 
Au = (2 
Thus, 


Try =(6ху +2#ху) = зой ху 


Tyan Ju (0 +0) bd 
and 


‘tex = J(00) xd 


* Mole: For the a" ven ania 
VV V = +40 24. ш(зу* -/2х*)+(12х-3у?) * (0) =0 
Hence, 
V.V zo р the flow i incompressible. 
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6.80 The two-dimensional velocity field for 
an incompressible, Newtonian fluid is described 
by the relationship 
У = (12ху? — 6x3)i + (18xy – 4y*)j 

where the velocity has units of m/s when x and 
y are in meters. Determine the stresses Orr, Oyy, 
and ry, at the point x = 0.5 m, y = 10 m if 
pressure at this point is 6 kPa and the fluid is 
glycerin at 20 °C. Showthese stresses on a sketch. 


Decr Fái op (Eg. 6.1294 ) 
à 
qr HE (mg, 1251) 


D 
Cs 

1 
^w 
W/W 
els 
^ 
e» 0 
T 
ع‎ 


(Eg. 6,/29d) 


For фе given Velocity distri bution, with x 2 So and = от: 
=“ = 120-10 = 12 (ho) ~ /# 2,5) = 750 F 
i A Е дыху = А#(058)(ло) = 12.0% 
/ 
Qv - S ue 34 (0.5) (ло) 3270 T 
BX 
BY = уриа рад? = 18 (0,5)"- 12 (10)? =~ 150% 


-= 3 N 2 NS 
Thus, for Р = 6X /0 ps and A LTO е) 


3 NS Ц 
O, E 6х М + 2 (ужо 5) (60$) = E SRAR 
kk 


3 5 l 
Tuy = ¬ 6x /0 Z, Ф 2 (150 MS )(-75035)* = 6,02 


Тыз без 3 (ot +1905) = 45.0 R 
6,02 kPa 


45,0 Pa 
—| Š 
|| 5,28 RR. 
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6.81 For a two-dimensional incompressible 
flow in the x-y plane show that the z component 
of the vorticity, ¢,, varies in accordance with the 
` equation 
D =. 
Dt 
What is the physical interpretation of this equa- 
tion for a nonviscous fluid? Hint: This vorticity 
transport equation can be derived from the Na- 
vier-Stokes equations by differentiating and elim- 
inating the pressure between Eqs. 6.127a and 


6.1270. 


For two-dimensional Flw with што, Ез. 6.127 а veduce to 


ди ди диү_ 2 \и 
P ir e ШЕЕ DIEI D 3 (1) 


and E . L.|27b Precluces to 
Bur. dur 9 
2 oe B |) _ 3 mE (2) 
e (pee use OSE = tóm 


VEG MUR ЕЙ Ег. (1) tor Th E te Y and Bg. tsi th 


respect 1o X , and subtract E. (1) from Eg 2) Jo obtain 


Eq EC" VIT lee и dk ې‎ you 
Эх ae 02 "TUE, ду 98 +u x * ЫЕ" ы 
LTE eas ] 
Als axr * e) - àg Kz 93 
By definition ( see Ей. 4.17] 
a ч au _ дч 
2^ 0X ду 
[Ce-wri te Eg ,(3) + obtain | 
2 д Qu D (ди дч ) игеру Т» 3 2 
pe ( ax 7 By ax \ Ox 2y Ж. 
Jem dme. 2) пе am. 24) 
^ EFE ax д% t уш (à 9 ( 9) 
( cont ) 
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(Cont ) 


Since each term in parenthesis in FAE Is 
jt fellows That 


E TE i A en zt бё, 


ex 2x2 


The left side of Eg.(5) Can be expressed 4s С Eg.45) 


Dfz where tne operator Df) ‚ху the matral 
OE DL 


deriva tive . The right hand sıde of Бо (s) Can be 
Ex Pressedl as 
Vf 
where V = hyp o Ё Бо. (5) Can be UVriTifA as 
D. 
22. 


mp 


Бу a nenwiscous fluid 7229, and n This Case 


Th us, for a two-dimensional Flow of on incompressible, 
Nenviscous Fluid, the change in the vorticity of a 


ига particle as tl moves Through the Fow held 
IS Jero. 
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6.82 Тһе velocity of a fluid particle moving 
along a horizontal streamline that coincides with 
the x axis in a plane, two-dimensional incom- 
pressible flow field was experimentally found to 
be described by the equation u — x?. Along this 
streamline determine an expression for: (a) the 
rate of change of the v-component of velocity with 
respect to y; (b) the acceleration of the particle; 
and (c) the pressure gradient in the x direction. 
The fluid is Newtonian. 


(a) From Те Continuity eguation , 


Qua = 
E aw 
so That with à mx 
ov. _ дч 3 T US: 
29 Ox = (7) 


Also, Eg (1) Can be integra ted wiTh vespect te 4 te ойм» 


fav = < andy 


2 = Ф F(x) 


or 


Since The X-axis is а Streamline, =0 a lens This axis aud 
Therefore f &)2o so That 


т = =4 
(5) ay u + "i = (х?)(2х) + (-2x4)0) = 
a, A $T + rir = (x*)(-24) + (- zxy )(- y: 2 2х5 
Along X-axis, үз end Therefore 4470. Thus, 


— 


A 
^ SER: 2x?L 
(©) From Eg. 627€ (wits hc 
"Iv x. one 
a, = fa Sat 5; 


jo Fat 
2= ie. fare) 


and 
“з 
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6. 64 


6.84 Oil (и = 0.4 N-s/m’) flows between two fixed horizontal infinite 

parallel plates with a spacing of 5 mm. The flow is laminar and steady 
with a pressure gradient of -900 (N/m^) per unit meter. Determine the 
volume flowrate per unit width and the shear stress on the upper plate. 


From Eq. (6.136) 
g = volume f lowrate perunit width out of the paper 
3 
E 21120 where ig == F 
For this flow 2h=5mm or h= 2.5mm =2.5x10°m 


and Ap/h =(+ 900 W/m*)/m = +900 М/у? 


T hvs 
ч 2 (2,<х10®т)%(#оо & ) - m? 
= eo = á 0 
T 3 (0,4 Ms/m?-) Es. 
dt 
The shear slress is (у = u(Sy +) 
where 
x M > pz 
7 "za (i£) ^? у р?) 
and 
дг -0 
Hence 


xy = -pey = -Fy 
On the upper Plate y=h so that 


“Upper = magnitude of shear stress on upper plate 


= Af = (900%) (2,5x10" т) = 2254, qcting in the 
positive X-direction the direction of flow). 


285 


6.85 Two fixed, horizontal, parallel plates are spaced 0.4 in. 
apart. A viscous liquid (и = 8 x 10 ? Ib. s/ft?, SG = 0.9) 
flows between the plates with a mean velocity of 0.5 ft/s. The 
flow is laminar. Determine the pressure drop per unit length in 
the direction of flow. What is the maximum velocity in the 


channel? 
ME PY. 
ve gk st (E3, 6.137) 
Thus -3 bes 
^ AP. sav Sizs 28 lasg) 43,210 perf; 
> — ————————————————————— = p — , 
ED (22 the \ 2 һи ا‎ 
/2 Ги. ) 
ft 
= Ж 
Umax” ROV (Eg, 6.138) 
"UL ft 2 £ft 
= 5 (a = IS = 
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6.86 A viscous, incompressible fluid flows be-i 
tween the two infinite, vertical, parallel plates of 
Fig. P6.86 Determine, by use of the Navier— 
Stokes equations, an expression for the pressure 
gradient in the direction of flow. Express your 
answer in terms of the mean velocity. Assume 
that the flow is laminar, steady, and uniform. 


Lidl 


FIGURE P6.86 


with the coordinate system shown u=o,lu=o and from the 
continuity ef uation 22 70. Thus, from "The Y-tomponent 
of The Navier-Stokes беу uations (£3. 6.1276), wı fy =d) 


CEA d?o 
| o7 735 fd *^ ох 
Since The pressure 1s nof а function of x , Eg.) can 
be written as 


din. P 
"72 pe 

(леле P= FE +2) ond integrated to obtain 
Wo ee. 


From Symmetry DU au ab da S tet Gee: In teqyation 
of Fe (2) yields 
А = к d эсс Er 2) 
Since at XziÁ =o it follws That 17 zh 
and There bre Р 3 
р? a (x -4 ) 


The flowrate per unit нин. in The Z-direchow Can be eX pressed as 
= P 2 J2 _ PI 


з А 
A 
Î hus, with V (mean Velocity ) given by The tua b10 
2... Ве 
М= т 3 A 


гЁ coll puis Mat 


OP _ 34V _ 
va 


h 
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6.97 A fluid is initially at rest between two 
horizontal, infinite, parallel plates. A constant 
pressure gradient in a direction parallel to the 
plates is suddenly applied and the fluid starts to 
move. Determine the appropriate differential 
equation(s), initial condition, and boundary con- 
ditions that govern this type of flow. You need 
not solve the equation(s). 


D, K ferendi / e$ ue tions are The Same as EGS. 6/24 6/36, ana 
6.13) except Tnt 2240 (sae The Flow È unsteady ). 


Thus, Eg. 6.129 must In clude The local accelera tion Zerra, 


52, qand The Governing а рифа? Eguatiows are: 


i 1 SU = Qu 
ان ا‎ IETT "^ бук (with ZÈ = constant) 
(y- direction ) e = = = Ё 
cz divection ) О = = oF 
Zndal Condi tion : &=о fr tro for all у 


Boundary Conditions ` &-o for yet ye fae тёё. 
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6.88 (See Fluids in the News article titled “10 tons on 8 psi,” Section 
6.9.1.) A massive, precisely machined, 6-ft-diameter granite sphere 
rests upon a 4-ft-diameter cylindrical pedestal as shown in Fig. 
P6.88. When the pump is turned on and the water pressure within 
the pedestal reaches 8 psi, the sphere rises off the pedestal, creating 
a 0.005-in. gap through which the water flows. The sphere can then 
be rotated about any axis with minimal friction. (a) Estimate the 
pump flowrate, Qo, required to accomplish this. Assume the flow in 
the gap between the sphere and the pedestal is essentially viscous 
flow between fixed, parallel plates. (b) Describe what would hap- 
pen if the pump flowrate were increased to 200. 


x: c О psc 
Sms unit width ; Ф 4. | 
А 0.005 In. 


——— ұл 


> : -u 
s e = 0.00251. = 2.08 X10 ft р 
-+, ۱3/۵ Ie \/144 б) ууч НЕЕ З 
(2) (2 | 41 
f ) (2.08 хы) (8 ne (e ,اوی‎ — 3 
3 (2.34 xi^ | ti'n. ) 


А IX infe, width = T (4#) 
= 8.8L x10 B per unit width 


TARS 3 ы) 
Q -(gsxw* £) (um ft) = oon £ (4.98 З 
0 4 = 
(b) Since 3 psi supports the sphere it is expected Met this 
pressure (Sn approximately The same as “the flowrate 


Ineveases. To maintain this pressure the distance A 
Would have +y ıucrease as Cor 2) is incveased . 


Thus, From Eg. 6.132, 


ре. (te) 


7 = (“мее 3 
Nold 


же с2)? (6.0025 in.) = 0.003165 In. 


Thus, The дар ш, АТи would Increase. te 
OPP/oXirnalely O. O0 630 in. 


ft> 


ò 
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6.84 Two horizontal, infinite, parallel plates are spaced 
a distance 5 apart. А viscous liquid is contained between the 
plates. The bottom plate is fixed and the upper plate moves 
parallel to the bottom plate with a velocity U. Because of 
the no-slip boundary condition (see Video У6./7), the liquid 
motion is caused by the liquid being dragged along by the 
moving boundary. There is no pressure gradient in the di- 
rection of flow. Note that this is a so-called simple Couette 
flow discussed in Section 6.9.2. (a) Start with the Navier- 
Stokes equations and determine the velocity distribution be- 
tween the plates. (b) Determine an expression for the 
flowrate passing between the plates (for a unit width). Ex- 
press your answer in terms of b and U. 


(а) For steady Flo with 2o (Ё fellows Thai The 
Waver- Ios pu ations reduce to (1h direction of low) 
Thus for Jero Pressuve Gradient 


Do That s EA 


Аё ye uzo and je follows Wal (=O. Similarly, 
U 

at фей A=W and GFT 

(here fore, 


b 


vy y? 
р 2 


(А) 


ô 
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6.30 


6.90 А layer of viscous liquid of constant 
thickness (no velocity perpendicular to plate) 
flows steadily down an infinite, inclined plane. 
Determine, by means of the Navier-Stokes equa- 
tions, the relationship between the thickness of 
the layer and the discharge per unit width. The 
flow is laminar, and assume air resistance is neg- 
ligible so that the shearing stress at the free sur- 
face is zero. 


with me coordinate system shown in The fi gure 
17720, ur=o, and from The ботили eZuation 2и = 0. Thus, 


from The x- Component of The Naver -Stokes eguations (Ру. 6/272) 


on = ЭР asind + d'a 4 
ax * 0 E 


Also, since There is a tree surface, There Cannot be a pressure 
gradient th The x-direction So mat ӘР =o oud E3, (1) 
can be written as ox 


442 JE 
Lntegra йол yields 
de = - F sind )y +C, % 


B 
X 
i 
n 
| 
S 
a 
х 
R 


Since The Shearing stress , 
u ر‎ 
و‎ I (5 v A] 
equals Jero at The free Surface (S24) it follows That 
2и 
д4 | 
So That The Constant in Ёз.(2) 15 
eC s 2# Sine 

A. 

Ln tegration of £2.02 yrelds 
$^ à | 

к. = – (28 sin) = + [22 so 4); + С, 
Since uzo at д=о, ГЁ ellos that {> 20, Gud there hre | 
. 2 | 
uz OF sha (Ry- 1) 4 
The flowrate per unt width can de expressed as 2. = | u dy 
5o That 4 " g3 | 4 

yY S/n 
g= Lå smd (#у- ®- )dy = a چ‎ | 

[^] gS ———— 


=o at yak | 
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6.31 Due to the no-slip condition, as a solid is pulled out 
of a viscous liquid some of the liquid is also pulled along as 
described in Example 6.9 and shown in Video V6.1l. Based on 
the results given in Example 6.9, show on a dimensionless plot 
the velocity distribution in the fluid film (v/Vp vs. x/k} when the 
average film velocity, V, is 10% of the belt velocity, Vo. 


From Example b.f, the average velocity 13 given by the efuation 


2. 


Y= h- 9 C1) 


with the yelocity distri bation 
z thy + a 
үл 


х. 


LE Vall Р men trom Eg (1) 


0.1 V>= V, = 


= th? 
Vo КЕТ 


Zn кылана form Ра. 12) hecomes 


X h 
2 EE 2 2 (4) + 
From E4 .(3) 
ah 
А 
and Eq. G) Can be written as 


PENES 276) +1 (5) 


А plot of The velocity distr baton is shown below. 
vNo 
1.000 
0.744 1.500 
0.514 
aoe 1.000 
0.136 2 0.500 
-0.013 
-0.134 аш 
-0.229 -0.500 
-0.296 
-0.337 
-0.350 


= 2,7 


Calculated from 
Eq. (5) 
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6.92 An incompressible, viscous fluid is 
placed between horizontal, infinite, parallel 
plates as is shown in Fig. P632. The two plates 
move in opposite directions with constant veloc- 
ities, U, and U,, as shown. The pressure gradient 
in the x direction is zero and the only body force 
is due to the fluid weight. Use the Navier-Stokes 
equations to derive an expression for the velocity 
distribution between the plates. Assume laminar 
flow. 


FIGURE P6.92 


For The specifi ecl Condi Hons, se, wse 2P шо, and f, 20, 
So That The X- Component of The Navier - Stokes eua tions 
( Eq. 6,1274) reduces to 

Фи . 

dur C/) 


Integration of Eg 0) yselds 


on С, y - c2) 
For y= о, & = - 17 and Therefore trom Eg .¢2) 
C »-U, 
Fev у = b, а = О, so That 
Тїз C b -Ù 
or E U; tU. 
e Se 


2. 
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6.73 — Twoimmiscible, incompressible, viscous 
fluids having the same densities but different vis- 
cosities are contained between two infinite, hor- 
izontal, parallel plates (Fig. P6.93, The bottom 
plate is fixed and the upper plate moves with a 
constant velocity U. Determine the velocity at the 
interface. Express your answer in terms of U, 4, 
and 44. The motion of the fluid is caused entirely 
by the movement of the upper plate; that is, there 
is no pressure gradient in the x direction. The 
fluid velocity and shearing stress is continuous 
across the interface between the two fluids. As- 
sume laminar flow. 


For The specified conditions , 77:0, w= 
that the x- component of The Navier- Stokes eyuations on 6.1274) 


FIGURE P6.33 


др = = 
SE Жу RS fx x 


for esther The upper or lower layer reduces to 


d zu 
dy> 


Integration of Eg. 1) welds 


u=Ay +8 


Which gives The velocity distribution iy esther layer. 


Ln The upper lager at 4=24, 
8 =U- А,(2№) 


и = U So That 


where The subscript 1 refers to the upper layer, 


Б, the lower layer ot g20 


B,-e 


2. 


u=o So That 


5o 


Where The subscript 2 refers +o the lower layer. Thus, 


ana и, = А, y 

At yah, tt, = 12 
A, (h-24) +0 = 

or A, = _A,+ g 
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U = А, (y-2&4) e U 


(Cont ) 


(7) 


I S 


Since The velocity clistribution 15 linear Га acl layer 
The shearing stress 


дк ov). du 
[or LIC EE 3E FU 
1s constant Throughout each layer, For the upper lager 


4 ^, 
anu for the lower lager 
Ty = Aa Aa 
At the interface C = t "E 
A A, = А, 
е А! = fr 
Ar o M, 


Substituton of Eg (3) into £9.12) yields 
Ae = = A, + + 
U/L 
[+ А f, 
Thus, velocity ot The interface is 


= = ~ OU M. 
а, (524) = А, 4 y 


/* | 


or 


А, * 
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6.94 The viscous, incompressible flow between the parallel plates 
shown in Fig. P6.94 is caused by both the motion of the bottom 
plate and a pressure gradient, др/9х. As noted in Section 6.9.2, an 
important dimensionless parameter for this type of problem is 

=. — (02/2 uU) (др/дх) where p is the fluid viscosity. Make a plot 
of the dimensionless velocity distribution (similar to that shown in 
Fig. 6.326) for P = 3. For this case where does the maximum ve- 


i ? 
locity occur? BFIGURE P6.94 


д 2 
а= — 2p T Cyt u (2% 6.133) 


At gag. nel so That fuc At gb uso 
ana Therefore 
о 


"meum Fe U 
zd Lp pL) 5-3 
m= gu (5% 007—0) t p (1- 


or /» dimension = form 


4-3 D 2G \G- ЛЕЕ: E i 


Sine, * A 
SES a 
и U 


(22) v с btv 


Eq. Ci) Can be written 45 


e. (PEY ә 
E r b ү, b 


A plod of This ие locity distribution for Pag 
(s shown on Tne following Page. 


( cont 
6-24 


with P =3. 


Jo determine where the makimum velocity occurs 
eh ffe rentiate 237112) and sez Bi to Here, Thus, 
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695 А viscous fluid (specific weight = 80 Ib/ft*; viscos- U = 0.02 #05 
ity = 0.03 1b. s/ft?) is contained between two infinite, hori- a 
zontal parallel plates as shown in Fig. P6.95. The fluid moves 
between the plates under the action of a pressure gradient, and 
the upper plate moves with a velocity U while the bottom plate 
is fixed. A U-tube manometer connected between two points 
along the bottom indicates a differential reading of 0.1 in. If the 


upper plate moves with a velocity of 0.02 ft/s, at what distance 
from the bottom plate does the maximum velocity in the gap 
between the two plates occur? Assume laminar flow. 


TITLE 


Ш FIGURE P6.9 


y / 
* "да 2£ ) (y- 44) (£s. 6,140) 


Maximum velocity will occar at chsknce Ym Where 9s =o. 


д 


For tnanome ter (see Figure to right) , 


Ф + t£, Ah - Yap Ah = f 
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6.26 


Shaft 

6.96 А vertical shaft passes through a bearing and is lubri- 75 mm 
cated with an oil having a viscosity of 0.2 N-s/m? as shown in A 
Fig. P6.Q6. Assume that the flow characteristics in the gap be- Bearing 
tween the shaft and bearing are the same as those for laminar 
flow between infinite parallel plates with zero pressure gradient 160 mm 
in the direction of flow. Estimate the torque required to over- | 
come viscous resistance when the shaft is turning at 80 rev/min. 

Oil L—o.25 mm‏ ج 


m FIGURE P6.96 


The Torque due +. force dF actus 
on € differential avea, дА = A6, 
is (see figure at vight ) 


2 bi ha Ё | th | 
dT = c dF = Tide еы. | 


where T is the Shearing stress, Thus, 
er 
“Та pud EL z amr, t 2 (1) 
© 


Tn the gap, 


(Eq. 6.142) 


Where 17+ к. b is tne gap width, Also, 


top = AE 
Thus, From 2 0 
T= amr (ME) Х = атр 
3 Nis V min (o. loom) 
A (0:015 „) (0.2 et o y Va h (0.25 х 10 м) 


= О. 3565 Nem 
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6.97 


6.97 А viscous fluid is contained between two long con- 
centric cylinders. The geometry of the system is such that the 
flow between the cylinders is approximately the same as the 
laminar flow between two infinite parallel plates. (a) Determine 
an expression for the torque required to rotate the outer cylin- 
der with an angular velocity «. The inner cylinder is fixed. Ex- 
press your answer in terms of the geometry of the system, the 
| viscosity of the fluid, and the angular velocity. (b) For a small 
| rectangular element located at the fixed wall determine an ex- 
pression for the rate of angular deformation of this element. 
| (See Video V6.3and Fig. P6.10.) 


| A^ cylinder length 


AN 


| C^ shearing stress 
(a) The orgue Which musi be applied to outer cylinder to overcome Жа 
force due + the Shearing stress 15 ( see figure ) | 
, dT: Кав = ¥ (t 240) = TA de 


So That а em ü 
oF a: qa f вө “ arr, th TE 
© 


д = Ui (Bq, 6./¥2) | 


QnA b= Y.-Y. 


(Сод 2.) 
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6.47 (Cont ) 


(à) From Ед. 6.18 


e 441.94 
Ec 34154 


Br The linear distributes 


7he negative sign Indicates Tat the original 
Vnt angle shown in Fig, Pb.104 is facreasing . 


p= ao 


*6.98 | Oil (SAE 30) flows between parallel plates spaced 
5 mm apart. The bottom plate is fixed but the upper plate 
moves with a velocity of 0.2 m/s in the positive x direction. 
The pressure gradient is 60 kPa/m, and is negative. Com- 
pute the velocity at various points across the channe! and 
show the results on a plot. Assume laminar flow. 


The velocity diszributon is given by the eguatron 


ш = и $ + 3 (22) 5°- by) (Eg. 6.140) 


and for the gwên data, 


loa F) Р ] 
lo c ы Ж. д 2 
mn 


so Mat 


u= #оу+ 7.89x10" (0.005 y - 9°) (1) 


wilh u ih m/s when Ц rs ın т. 


ym 
0 
0.0005 
0.0010 
0.0015 
0.0020 
0.0025 
0.0030 
0.0035 
0.0040 
0.0045 
0.0050 


Calculated 
from Eq. (1) 


Tabulated data and a plot of the dato are 
given below. 


и, m/s 0.005 
0 

0.1975 
0.3556 0.004 
0.4742 
0.5534 | 
0.5931 0.003 4 
0.5934 [3 | 
0.5542 S 
0.4756 0.002 
0.356/5 
0.2000 

0.001 

0 1 1 | 
0 0.1 0.2 0.3 0.4 0.5 0.6 
и (m/s) 
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6.99 Consider a steady, laminar flow through 
a straight horizontal tube having the constant el- 
liptical cross section given by the equation: 


The streamlines are all straight and parallel. In- 
vestigate the possibility of using an equation for 
the z component of velocity of the form 


2 2 
»-ab-E-5 


as an exact solution to this problem. With this 
velocity distribution what is the relationship be- 
tween the pressure gradient along the tube and 
the volume flowrate through the tube? 


Frem the description of The problem, u=o, 70, fa =0, w F £4), 
and The Continuity Cg uation maicates That дш эд, бж These 


Conditions The Z -component of The Мандра e gua tions (Eg 6,/27c) 
reduces +o 


oP fur ر‎ an 
aa * fat re, 


(/) 
Due to the no-slip dounclary mee ار‎ FO on The 
elliptica! boundary 

4d 2 € x 
а 


2 


Thus, The proposed velocity distri bution Ssadisd;es This 


Condi tion Since on The boundarg 


wre A A De а e E) a [i-e] 


This result indicates hat the proposed velocity distri Би Нон 
Can be used as а Solution, Subst/tuton of The velocity 
distvibulión into Eg.) qies the velatwuship between 

The pressure grament р 22 ر‎ and Же velocity Since, 


ow „аз aur _ 
ax * 2t dy? bz 
2 fellows That 


Pj | 
= - 2 (= 27 (2) 
(cont) 
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The volume Эшке, Q through 
the tube 15 given by the &guation 
Q = [ ur dA 


ш 
I- TEER 


tf [7 
~ 9 


зут 
lb 


6-107 


6.100 А simple flow system to be used for steady flow 
tests consists of a constant head tank connected to a length of 
4-mm-diameter tubing as shown in Fig. P6.100, The liquid has 
a viscosity of 0.015 №. s/m’, a density of 1200 kg/m, and dis- 
charges into the atmosphere with a mean velocity of 2 m/s. (a) 


Pressure 


Verify that the flow will be laminar. (b) The flow is fully de- Баве m (2) 
veloped in the last 3 m of the tube. What is the pressure at the 
pressure gage? (c) What is the magnitude of the wall shearing nl ГА 
stress, Tq, іп the fully developed region? E ' 

d |. — — 3 ابو‎ 


Diameter = 4 mm 


gm FIGURE P6.I00 


(a) Check Reynolds Humber to determine i£ How 15 laminar : 
Re = AY (28) = (7202 ££ (7 а? 2.0094) 


a 0.015 MS 
(072 2 


Since the Abynolds number ks well below loo The Flow is laminar. 


= 640 


(b) Fr lammar Flow, 
a 


R 
V^ 5% 
Since A f£ = poo (see figure ) 
N.S „я 
Р И 5 Me v4 - 8 (0.015 са )22 ) fam) " /30 4 


ар £y. 6.162) 
© 


&' (2:20 m) a 
(C) [EE mE EE (Eş. E2) 
For fully developed pipe Flow, W =0, So That 
(EE 
| Also, Wes | -(£) (су, 6.164) 
ant with Van 2V À Where V is The mean velocity 


| by WAE Ж) 
Thus, at, the wall, r=R, m м.5 у 
| e (23 OOS X М 
А үс сены са 2 60.04 
| За R nn 


<= pen ) 
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6.10! (а) Show that for Poiseuille flow in a 
tube of radius R the magnitude of the wall shear- 
ing stress, т,,, can be obtained from the relation- 
ship 


4uQ 
(Cual = x) 


for a Newtonian fluid of viscosity и. The volume 
rate of flow is Q. (b) Determine the magnitude 
of the wall shearing stress for a fluid having a 
viscosity of 0.004 N-s/m? flowing with an average 
velocity of 130 mm/s in a 2-mm-diameter tube. 


( £y. 6.1264) 


E R [-&») (29. 6.154) 


V 15 The mean velocity , it follows 


Thus, at е wall (rae) , 


so T 
gor Joni e 
and with @= TKR*V 


| ($& Е "AG 


well TR? 


de] 


=e E tal = + (0.004 ¥ }(о.1зо $) 


R ( ге к, ) 


= 2.08 [2 
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| 6102 | B | MEN. беш 5555 


6.102 An infinitely long, solid, vertical cylin- V-=0 
der ot radius К is located in an infinite mass of j 
an incompressible fluid. Start with the Мамег- M er РА 
Stokes equation in the 0 direction and derive ап 
expression for the velocity distribution for the 
steady flow case in which the cylinder is rotating 6 
about a fixed axis with a constant angular velocity 

w. You need not consider body forces. Assume 

that the flow is axisymmetric and the fluid is at 

rest at infinity. 


For This Flow Field V.:o 15 =0, and trom The continuity equation, 
2] 


J 
PD Uz д; 
кк т т (гу. 645 
iL follows That Жук 
23 20 (See Figure hr додан.) 


Thus, The Navier- Sikes eguation л The O-direction (Е3. 2.122) 
for stedy tow reduces bo 


Due to The symmetry of The How , 


E a 
That ae 
So 4 
a 28 Lm 35 >p 
Fr 25 PE: 
Or 
2% ‚1% _ 
ap FQ ye UO (n | 
Since v. is @ function of only Ез. (1) Can be 


ex pressed 05 an ordinary d: Teri, Egua ton, qu el 
re-written as 


d* va d ^ 
tT —2 e = 
dA dr (2 ) с pes 
Eg uation (2) cay be integrated +o yield 
d Ve + LC. = ©, | 
m F- | 
or d | 


22е +=: С,” 


=. 
Zr (3) 


(серт ) 
Egua tion (I) Can be expressed as 


d (Ua) _ 
clk 
and 4 second integration yields 


2 
d x i EA 


СК 


с^, G 


Ve = 2 б 
2 


As be, V —> 0, (since Fluid 5 at rest al mots) 
So Tha Т € E0. Thus, 


ТА + 
and Since ad F= 
4nd 
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* 6.103 | 


*6.103 As is shown by Eq. 6.150 the pressure gradient Compare the pressure drop over the length € for this nonuni- | 

for laminar flow through a tube of constant radius is given form tube with one having the constant radius R,. Hint: To | 

by the expression: Solve this problem you will need to numerically integrate 
ар 80 the equation for the pressure gradient given above. 


д2 arR4 


For a tube whose radius is changing very gradually, such as 
the one illustrated in Fig. P6.103it is expected that this equa- 
tion can be used to approximate the pressure change along the 
tube if the actual radius, R(z), is used at each cross section. The 
following measurements were obtained along a particular tube. 


m FIGURE P6./03 


From The €guation gwen for the pressure gradient, 


4 3 
[+ x "fa dz 
r | 7 [К(г))* 


о 


Since Р-Ф= 4P (The pressure drop) ıt follows That 
Я -+ 
4p zs | [ee] dz 


or, with Z*= 2/1 and $= r/R, , 
< Ай Л f oua tuus 
4 e dz 


For a constant radius tube (see £3. 6.151 $ 


e-&, FE 


So That 


1 
AP (nonuniform Tube) [rete 
Ap (uniform tube) i 
This Integral Can be evaluated nqméricalis 

using The rapto cal rule, L£., 
E 1 Ba! f (х, = х ) w here 
T чеш: Yet 55) tt! e 
éS {| 
af + 
Yn (e*) à anA ež, 


(con't) 
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R/Ro (R/Ro)^-4 
0.0 1.00 1.00 


0.1 0.73 3.52 
0.2 0.67 4.96 
0.3 0.65 5.60 
0.4 0.67 496 
05 0.80 2.44 
06 0.80 2.44 
0.7 0.71 3.94 
0.8 0.73 3.52 
0.9 0.77 2.84 
1.0 1.00 1.00 


Thas, 


Ap (um forn tue) 
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Ap (nonuniform Tube) |. 


The 
Using the tabulated clata above 
Poe Value of The integral к 558. 


SS. 


سے 


6.104 А liquid (viscosity = 0.002 N-s/m?; density = 1000 
kg/m?) is forced through the circular tube shown in Fig. P6. 

А differential manometer is connected to the tube as shown to 
measure the pressure drop along the tube. When the differential 
reading, A^, is 9 mm, what is the mean velocity in the tube? 


eee S à 


Density of 
gage fluid = 2000 kg/m? 


ш FIGURE P6. 


Assume laminar Фош so That 
= & ap (Eg 6.45 ) 


for manometer (see figure ), 
Proah чё ду áh =f 


or 
B-hR-4p- 44 (5, -+) = 44006,6) 
= (6.00fm($. І A) (200 = nd) 
= в 
Thus, T т A 
N27 з въ) yg ig? = 


8 (0.002 LZ ) (2m) 


Check Ky nolds number to Confirm thet flow is lammar : 
gs Ar G8 (10° SB ) (110 x10 2) ( o oov) 
zi goz A 
ж” 


~ 


= 2260 < 206 


Since Йе < 2100 flow 15у laminar. 
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6.105 An incompressible Newtonian fluid flows steadily between . 
two infinitely long, concentric cylinders as shown in Fig. P6.105. Fixed wall 

The outer cylinder is fixed, but the inner cylinder moves with a lon- ууУУУУУУУУУУУУУУУЛУУУУУУУУУУУУУУУУЛУУУУУУУУУУУ УУУУ УУ. 
gitudinal velocity V; as shown. The pressure gradient in the axial 
direction is — Ap/€. For what value of V, will the drag on the inner 
cylinder be zero? Assume that the flow is laminar, axisymmetric, 
and fully developed. 


^ic NE: 


FIGURE P6.105 


E gua bion 6./47 , hich was developed for flow m Circular tubes : 
applies in The annular resin. Thus, 


SM ГОД а 
We 5 pa 2E ) y + C4nr + С, (1) 


with boundary condi hons , к=, =o), and vh, Vic V, 
it follows That: 


) 


wee OP jp’ ё ca 
a= OE) = eng + 6 ; 
m 5 2P 2 
М = г (22 ) к. + e, Хи ке С. (3) 


Sub tract Eg. (2) from £3.03) f obtain 
M S 
g fr (FE )(n3- 157) + 6 2 


b 
V = ga E ) (17-63) 


| Rn fe 
о 


Тре drag on The imer cylinder will be zero st 
(Tes — d 


Since. , 3 à V. 17 


جا 


hat‏ ەک 


(23. &124 £) 
and with te А folous That 
=. L 2 Us. 
itp OF 
(con't ) 
6- 11S 


[6405 | (Cont) 


Des pado adn Eg.t) with respect to к £e obtain 


Thas, in order for The Crag to be zero, 
L (22) p. + Vo ~ ya (E (5-6) _ 


AE Я 
к. An E 
Or ; К 
д ү? 2 2 
ien de | г; An - (б | 
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6.106 А viscous fluid is contained between two 


infinitely long vertical concentric cylinders. The 
outer cylinder has a radius r, and rotates with an 
angular velocity w. The inner cylinder is fixed and 
has a radius r,. Make use of the Navier-Stokes 
equations to obtain an exact solution for the ve- 
locity distribution in the gap. Assume that the 
flow in the gap is axisymmetric (neither velocity 
nor pressure are functions of angular position 0 
within gap) and that there are no velocity com- 
ponents other than the tangential component. 
The only body force is the weight. 


The velocity distribution in the annular space is given by Үе 


eq uation 


( See solution +o Problem 6.94 for derivation. ) 


With the boundary Condi tons к=к И =0 and 
= Б a) ( see figure for hotation ), (ё follows 


ка, 


"a 


V = oF + & 
2. Р 


From Eg.u) thet: 


There fore Я 


g К 


= — + 
e a 


ou au 


(1) 
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6.107 For Пом between concentric cylinders, with the outer 
cylinder rotating at an angular velocity w and the inner cylin- 
der fixed, it is commonly assumed that the tangential velocity 
(v) distribution in the gap between the cylinders is linear. Based 
on the exact solution to this problem (see Problem 6.106 the ve- 
locity distribution in the gap is not linear. For an outer cylinder 
with radius r, = 2.00 in. and an inner cylinder with radius r, = 
1.80 in., show, with the aid of a plot, how the dimensionless 
velocity distribution, v,/r,w, varies with the dimensionless ra- 
dial position, r/r,, for the exact and approximate solutions. 


For a hinges ve locity distribution (approximate 521и) 


Vi: Lp Ee 
G= f 


and in nendimensional form 


- fe E t) 


Ke The exact solution (see Problem 4.106) 
ra [| y^ 

ÉL. gx T P 

й- Ау f 


аһа th Nendimensional Lorm 


r -2 
Va . T | а (+) (2) 
- = — + 
DÆ (l- a] о № 
E de 


Fer mee Lge in ana л 40i. Some Жен Values ond 
a graph are Shown below. Note that Теме i little 


difference between the exact and approvimete Solutions fer This 
Small gep wid. For all practica] Pur pases bot solutions fall 
on tae Single curve shown. 


1.000 - 


` Linear 


0.000 | 0.000 | 0.900 
| 0.913 | 


| 0.125 | 0.131 
0.250 | 0.280 


0.980 
„0.960 1—- 


[0325 | S oon |. 
| 
| 0500 | 0.512 | 0.950 | 0.920 
| 0.825 | 0.837 | 0.983 | 
0.750 0.759 0.975 0.900 * 
5 0.880 0.988 0.000 
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6.108 А viscous liquid (и = 0.012 lb .s/f?, р = 1.79 
slugs/ft*) flows through the annular space between two hori- 
zontal, fixed, concentric cylinders. If the radius of the inner 
cylinder is 1.5 in. and the radius of the outer cylinder is 2.5 in., 


what is the pressure drop along the axis of the annulus per foot 
when the volume flowrate is 0.14 ft/s? 


Check Reynolds Dumber to determine Y. Flow 25 laminar 
g,- AV 
P os 
Where Dy = a (ю-к) qn d Y= ин л 


T Rk "e 
Thus, Da 2 @ _ а (1.79 LET. 4) 
2x xe چ ہے‎ 


Vli 7 (0.0/2 ts ) N 
Ft ^ m. 
= 34.4 < 2100 iin 


Since The Reynolds number 1s well below 2100 The How i5 


laminar anil 


. Jr 4 o9 (Wang) P 
Ф = gu 4 em = a | (Eg, 6/86) 
dii ^ 
5o that 


54 0 
Ap _ Kd 
у js. E. (*- p.*)* 
2, Ie 
$ (6.0/2 ве Vy /4 r 
EL 1,5 2.51и 1, Sin 
(arn ) Е (E) 12 а) - E 
Ft Tt Sur четт 2.9 m 
I. S Yn. 
s gl T. per ft 
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6.109 Show how Eq. 6.155 is obtained. 
From Eg. 6.147 
at, ر(‎ БР +С (Eg. 6.1947) 
"E (BO Ger . d 


Fer flow m an annulus , 71; =0 ak r= and 


Wyse at PF This from Eg. 6.497 


anda Solving Jr e ana G 


+ 


"E 213 LO 


e = 
ln 


"x (55) (ц? 


A 


Substitution of Egs. (1) and (2) into A 6.1/47 


glues 


d др 2 
yz alo ales + ey” i| 


Which is the desired Cguatin (Eg 4.155) . 
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6.110 A wire of diameter d is stretched along the centerline 
of a pipe of diameter D. For a given pressure drop per unit 
length of pipe, by how much does the presence of the wire 
reduce the flowrate if (a) d/D = 0.1; (b) d/D = 0.01? 


Гле Volume flowrate 45 Given by £3. 6./£1 
» |. y (or | (Es. 6191) 
= F =» se j. , 156 
@ SAK i n.) 
Which Can be written «3 
Я ee]? 
p. FED, E (ЛАЙ 
SpK ia TED 
h 
Es, (1) Can also Je written as 
Jon — fre Ea 
(egy. 26 
In) 
Note Tab ебу = 1^2" 


Q = Wh, * Ap 
FMS 
Which Corresponds Jo Porseu lles Law 77. 6. / $1). 


(4) Б a= & |, 29.00) gue 


a 
QD = Pun E — fat) [1-62] | = 0.57% 
SMR ln (2.1) 
Thus, fr The same Ар the flowrate is reduced by 
So Veduction ий @= [f= L574)x 100 = 42 b % 
(5) Sni larly, for 2 = 0.01 £9,(2) 2]ve5 


фе THT aot, Ux @20) ( = 0.183 
би А m (0.01) 


А recluction Іт @ = (1- 0.793) х 100 = 21.7% 


And 


Mo Le That The presence of Сии a Very Smal wire along 
The. Hele Centerline has 4 Sign beant effect on The flowrate 


6-/2] 


7.2 Verify the left-hand side of Eq. 7.2is dimensionless using the 
MLT system. 


D 
we NE, where D2L, fy = i >, р 


Thus, 


D Afi nm [* y" 
Tv = АА =) = =й T 


Thal is к is dimensionless. 


7.3 The Reynolds number, pVD/u, is a very important 
parameter in fluid mechanics. Verify that the Reynolds number 
is dimensionless, using both the FLT system and the MLT Sys- 
tem for basic dimensions, and determine its value for ethyl al- 
cohol flowing at а velocity of 3 m/s through a 2-in.-diameter 
pipe. 


Reynolds hum ber = fxs, repr, КМ 


кет Malt 
E faire} а МРТ? 


ML YT 


u 


at Ae 
For efh yl alcohol, A= LIG X10 pr and 


P= 789 2% 

Thas, 
рур. (тат 86,)(3 BE в) (0.3008 ) 
M ix re 


L19 X7? 5 
тт * 


= [01х10 
تتت‎ 


7.4 What аге the dimensions of acceleration of gravity, density, 
dynamic viscosity, kinematic viscosity, specific weight, and 
speed of sound in (а) the FLT system, and (b) the MLT system? 
Compare your results with those given in Table I.1 in Chapter 1. 


velocity . L 
Hime г 


a d.n maire M n ERES. РЁ МЕТ) 
p= density unit Vélose ый L? ТФ (since 


, = acceleration of gravity = 


22 


stress д. FL 


سس س 


Velocity Grachent Т -[ LT 


= dynamit viscosity = 
Y à " -z 
dynamit viscosity x 


y= Rinema tie viscosity = density 


Weight a 
unit volume 


¥ = Spec fic weight = 


C= Speed of Sound = Length РАР 


ime 
Thus, 
ба) th The FLT System, 


7.5 For the flow of a thin film of a liquid with a depth А 
and a free surface, two important dimensionless parameters are 
the Froude number, V/Vgh, and the Weber number, pV7h/c. 
Determine the value of these two parameters for glycerin 
(at 20 °C) flowing with a velocity of 0.7 m/s at a depth of 3 mm. 


67 = 
= ð 
J (941 73) (0.003 м) 


2 
(1260 24, )(27 2) 2. 003 т) "T 
6.33 x jp ^ © ccm 


bad 
— 


ыб The Mach number for a body moving 
through a fluid with velocity V is defined as V/c, 
where c is the speed of sound in the fluid. This 
dimensionless parameter is usually considered to 
be important in fluid dynamics problems when its 
value exceeds 0.3. What would be the velocity of 
a body at a Mach number of 0.3 if the fluid is: 
(a) air at standard atmospheric pressure and 20 
*C, and (b) water at the same temperature and 
pressure? 


V 2063 
€ 


For air at 20°C | ак 3958 T (Table B 4 ın Appendix В ) 
So That 


Vs 0.3 (343.3 Z) = 103 F 


(b) For water at 20°С, c= MRI r4 (Table 82 sh ЖЕ) 
56 That 


Y= 23 (е V) = pry £ 


Mm 


7.8 The power, Ф, required to run a pump that moves fluid within 
a piping system is dependent upon the volume flowrate, Q, den- 
sity, p, impeller diameter, d, angular velocity, w, and fluid viscos- 
ity, р. Find the number of pi terms for this relationship. 


Given that "P -[(Q, o, d, ш, а) 
where (see Table I), 


Pz FLIT, pzM/? = Ет dL ш # VT, and 
4 = ЕТ/7* 


Thus, К-г=@-3 = 3 since there are К=ё yartables and r =3 
basic dimensions (MLT) 


Hence, if takes 3 Jn terms s 7-90, 7) 


7.9 For low speed flow over a flat plate, one measure of the bound- 
ary layer is the resulting thickness, б, at a given downstream location. 
The boundary layer thickness is a function of the free stream veloc- 
ity, Ve, fluid density and viscosity p and z, and the distance from the 
leading edge, x. Find the number of pi terms for this relationship. 


Given that 
5 =f (Yo, pu, x) 


where 
L 


i ; ‚ М ‚ ] 
422, G^ T, Q^ 13 A zr and х1 
Thus, there are 5 variables and 3 basic dimensions (MLT) 
so that 
k-r 25-3-2 
Hence, 2 pi terms are needed: 7-07) 


7.10 The excess pressure inside a bubble (discussed in Chapter 1) 
is knownto be dependent on bubble radius and surface tension. Af- 
ter finding the pi terms, determine the variation in excess pressure 
if we (a) double the radius and (b) double the surface tension. 


Given Ap * Í(R,o), where ap ES A ر‎ R 2L, and 


سے 


74 
Consider the (МАТ) units so that 
К-г= 3-3=0 since there 3 variables and 3 dimensions. 
According to this, there should be k-r=0 prier ms /? 
However, if we consider the (FLT) units we see that it lakes 
only F and L, Tis not needed, so that r=2, 
Hence, k-r = 3-2 =|, so only | pr term is needed. 
That is, T; = constant 
To delermine TF, consider 


T = Ар Кт? or 


ГЕ unas 
рй? SR 1° (Е) =F Ки 
Thue: 
F: 1%0=0 
L: a-b-2<-0 
or b=-/ and a=b+2 <| 
Hence N= ^g. F or ape = C, where C=consfant. 


@ 


(a) If Ris doubled , Ap is reduced by half. (See Еа.) 
(b) Tf т is doubled, ap is dovbled. (See £o. (1)) 


7.11 It is known that the variation of pressure, Ap, within a static 
fluid is dependent upon the specific weight of the fluid and the ele- 
vation difference, Az. Using dimensional analysis, find the forin of 
the hydrostatic equation for pressure variation. 


Given 4р =f(0, AZ) 


where | 
2р 25 TES js , and AZ * L. so that k =3 andr =2 (i.e. (FZ) 
T hys, 
k-r = 3-2 =| so that there is only | pi Term! T = С = constant 
Consider 

2 а ‚ /Е a, b !1à (-2-за+Ь) | -0,0 
7 api az (FE) 0) =F 1 ере 
Hence, 
F: /+q=0 


L: -2-3a+h=0 
so that а=-/ and b =243q =2-3=-/ 


Theretore, 
T =л@ az =C 
or 


^p -CÜAz where C = constant 


Throveh experimentation it is found that C1. Note that this 
agrees with the material in Chapter 2. 


7.12 Ата sudden contraction in a pipe the 
diameter changes from D, to D,. The pressure | 
drop, Ap, which develops across the contraction | 
is a function of D, and D,, as well as the velocity, 
V, in the larger pipe, and the fluid density, p, and 
viscosity, 4. Use D;, V, and y as repeating vari- 
ables to determine a suitable set of dimensionless 
parameters. Why would it be incorrect to include 
thé velocity in the smaller pipe as an additional 
variable? | 


p= FCD, BV p p) 


4p? FL" QL Beh YALT” pè FL*T ye FLT 
From The pi Theorem, 6-3= З dimensienless parame ters reg uived. Use 


D, y and Ш as repeating variables. Thus, 
2..8. € 


We ga У 


Gna er ia Jar Ife TJ p l 
So That 


/+C=0 (for Р) 
-2 +а +5 -2с=0 (fr L) 
— 5+ C=o (for T) 
tt fillows That 221, b=-1, Cz -| , ancl There fore 
_ Ape, 


- 


/ 77 


Check dimensions using МЕТ system: 


Ap D . (aaa! r^) CL) A17? 
py CEP (onmi) 
For dH: Bi did 
m, D'Y 
Lh Rd PRs Ру” 
бго {hr P) 
lr «tb-2Cz-zo (r L) 
eq бте ( fev TJ 


tt £ lous Mat 4,2 -/ j bz 


-0 . and Тер Lore 


s OR 


uL (Cont ) 
77 s obviously dimensionless . 


Foy 773 x & L с 
JT, = РӘ жы 
PETRI (ir) сат) e pope re 


[te =o (for F) 
—*^-atb-A4c-o (for +) 
2-4 +c =o (Же T) 
Js dele Mel al, b= 1, ат gud Moda 
а 2 
m= A 


Check dimensions using MLT system! 
POY s (urn), 
A^ DERE = PU i еж 


Thus, 


From The continuity ej uation ) 
Va Do T 
where Vs (s he velocity in The smaller pipe. Since 
-I3 у 
=3 PY 
К, ı5 not inde pendent of Db, and V and Thevefore 
Should not be included as an independent vaviable. 
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7.43 Water sloshes back and forth in a tank as shown in Fig. 
P713. The frequency of sloshing, о, is assumed to be a function 
of the acceleration of gravity, g, the average depth of the wa- 


| ter, А, and the length of the tank, €. Develop a suitable set of (USA DUE FoU | 
dimensionless parameters for this problem using g and # as re- t 


peating variables. 
cen — 4 B FIGURE P7.13 


pz T | 
From the | pr theorem Mie dag E dimensionless 
Parameters reguired: Use 4 ana L as repeating 
variables , Thus, 
m- WZ 214 

ana 

r7 )(t1) А0)" 
So Hat E sa Led -h) 
= |-24 ds (fer т) 
24 follows that Q=- and Therefore 
| 77, = w їз 
Check dimensions: d 


I 


авара й 
L (ir*)*(L)* = 
| + а+р=0 
| — lace Cfer ha 
Lt do Лош Jua =o, bz-l, and There hre 


4 
oor = 2217 
and T, ks ebviously dimension less, Thus, 


BRI 
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7,14 Assume that ће power, 9, required to 
drive a fan is a function of the fan diameter, D, 
the fluid density, р, the rotational speed, œw, and 
the flowrate, О. Use D, о, and p as repeating 
variables to determine a suitable set of pi terms. 

б, 


P= £(D,p,o,Q) 
P+ FLT" рғ] ра ріг? wat” our" 
From The ре Theorem , 5-3 = 2 рс terms reguired: Use. 
О, ©, and p as repeating vaviables . Thus, 


Tr. (f Da e 


ane 
| 1 eit s ojoro 
ET Ma)" r TURE r2) = PLT 
So That 
+С =0 (for P) 
/ ta -?cso (for L) 
~/-6 -2C Fo (for 7) 
Lt follows That Aa=-5, b=-3, С=-1, and There 
E ^ Vis | 
3 m= Dw? 
Check dimensions using MLT system ` 
P a MLT? Ss these -ok 
P 554? (ın?) l)? (F3 
Fer 75 d 


Tz QD up 
(1317) 0) (7) EET) < = PLT 


сто (fr F) 
3+ a ¬ 4 =o (fr L) 
-[-—b +2с=0 (for T) 

(Cont ) 


C714 [тч 
42-3, b=- , С=О, and Therefore 


Q 


72? "эзш; 


TH follows That 


Check dimensions using MLT system ^ 


Ф. CN cu гал = Мг? iok 
РЕЛ (br 
Thus, 
одр) 
م‎ D*o? Dia 


7.15 Assume that the flowrate, О, of a gas from a smokestack is а 
function of the density of the ambient air, p,, the density of the gas, 
Pg, Within the stack, the acceleration of gravity, x 
diameter of the stack, h and d, respectively. Use p,, d, and g as re- 
peating variables to develop a set of pi terms that could be used to 
describe this problem. 


Qu £62, 5, 1, 4, 4) 


ge Ur 2 + «c? g3 AC? Fr IL asl 
From the ре theorem, 4-3= 3 pc terms regured. Use 
Fans d, and 4 4 repeating variables. Thus, 


TT, = OK W ig 
(L7) (443) (LY AT) 9 ичет” 


and 


So That 


Z=0 (for M) 
3-3 tb+ C=O TP 


eq esie E de (fer T) 


tt follows That 420, b=- Ё, C= -i and therefore 


2 
" © 
dé 2% 
Check dimensions using FLT system ` 
Mm  . "Acti 
deg (P r9’ 


J 


/ 


= ый АЫ 


(con't ) 


ZEIT 


Fer Л: 6 А € 
пе ig 
(миг?) (u) (1) (79 = rur? 
[|t 2=0 
-3-J3a-c4bf*C 50 
-2C =o 
Lt fellows That @=-1, 5-0, C-0, вий There tore 
. 43 
| л, 
Which is obviously dimensionless, 


For Tr : a 
r 3 m =A p "P 
(L) (Mz?) (L)* (11-252 our? 
a =0 
/ -3a+b+ C=o 
— ee =o 


I+ follows That Geo, b=-l, C=0, and therefore 


which is obviously dimensionless . 


Thus, 


d^ 4^ 


TE 


TAS 
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T. The pressure rise, Ap, across a pump can 
be expressed as 


Ap = f(D, p, о, О) 
where D is the impeller diameter, p the fluid den- 
sity, w the rotational speed, and О the flowrate. 
Determine a suitable set of dimensionless param- 
eters. 


dps BLU Фай ps pE T” wet 
From the pr theorem, 5-3 = 2 pi terms required. Use 
Df and W as repeating variables. Thus, 
m= 4pD p w" 
and -2 tp «dus vh ' LOOT? 
ыйык СЕК POLITE TE p SED 
It b=0 
-2 ta —45-0o 
22-с =o 
It follows that а= -2, = |, 65-2 , ad there bre 
daB 
|. Кт; 
Check dimensions using MLT system ` 
Ap - May 2 = Arr 
Drew? C (QU 
(OT Ta) factns PLT 
b-o 
3+ 4-45 zo 
-I425-C-7o 
IF follows Thai а=-3, b= o, C--l, and Therefore 
у= & 
a 


ae D3 
Check dimensions using МАТ system: 


For 7, : 


e = Энг ы = 4/7٥ 
Duo CJ*K(r^" 2 


Thus, 


ф= pue 


(hr E) 
(fr L) 
Chr P) 


JOA 


(Boe D, 
(for L) 
(for T) 


: Ok 


717 А thin elastic wire is placed between 
rigid supports. A fluid flows past the wire, and it 
is desired to study the static deflection, б, at the. 
center of the wire due to the fluid drag. Assume ` 
that 

ô = f(t d, p, и, V, E) 
where Cis the wire length, d the wire diameter, 
р the fluid density, и the fluid viscosity, V the 
fluid velocity, and E the modulus of elasticity of 
the wire material. Develop a suitable set of pi 
terins for this problem. 


Sol il азі pi FET? he ae yii? ЕЗ РІГ? 
From. The pé Theorem, 7-3 = Ы. pi terms reguired. Use | 
d, V, and E as repeating variables. Thus, 

7= уату“ 
| CL LU ler) (ee) ° = pe 


C=0 
LFA +b ~ 2C =o 


and 


So Tha 


-b =o 


IF follows That 4-4, b=0, c=0, ant. Therefore 


s E зы MAC a 
Whith «s obviously dimension less. 
for Um: E 
2: 4 
| е ХАИ Е 
and Qs fr Tt, ر‎ @=-l, bsa, cC =0 so That 


a d 


d 
For 7%: 


pa Е“ 

(E ctr Ne) eet)? (FL) °3 Родот 
Itc =o 

—# +e +b-2c =0 


-b =o 


( Cont) 


tt follows That &-0,5-72,c--l, and Therefore 
ЖЕ" 
Check TM. using МЕТ system : 
~3) - У 
AY Gur] 7 а мәјәр 
E MU'T 


¥ : а ,,5 с 
7 = й d V.E | 
/ Fı *7T)() “(ат PEN = РТ" | 
{те =o (for P) 
—2 tatb -2С =0 (for L) 
Fae (hr 7) 


Ltt follows hat a= -/, &=1, С=—1, and Therefore 


m: Fz 


Ch um dimensions using MLT system -` 
-t—l =f 
WO. CE Mu „ — 


оса 
dE CL) (IT?) 
Thus, 
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7.18 Because of surface tension, it is possible, with care, 
to support an object heavier than water on the water surface as 
shown in Fig. P7.18. (See Video V1.9.) The maximum thick- 
ness, h, of a square of material that can be supported is assumed 
to be a function of the length of the side of the square, £, the 
density of the material, p, the acceleration of gravity, g, and the 
surface tension of the liquid, с. Develop a suitable set of di- 
mensionless parameters for this problem. 


PA = TR, Р, 27) 
4=l -lL ps PLT” ga lr Os рг! 


From the pi Theorem 5-8= 2 pi terms reguired, Use 
$, g and 4 25 repeating Variables, Thus, 


meh Laps 


ode Ge, y^ (GT) AA) 6 2 bero rs 
COT o (hy FJ 
lta ФЬ шс =o (fr L) 
-2b +2c 2o Ger T) 
t+ follows Wat a, b=0, го, and There fore 
m= 4 
Which 15% obviously dimensionless. 


Fer TL, 
er 22 77, = ri ә" 


Gy utt КАРЫ (ertt i pais 


/ + C =o (Lr Р) 
-/ ta ть – УС 0 (Lar L) 
(for T) 


— 2b م‎ 2с Бо 
tt fellows Mat 22-2, Ь=-1, Фу and There fere 
- E 


JT. 
um 
Check dimensions asing MLT syskm ` "M 
Смт“) = MLT s (ЖА 


g áo Sas aM 
Хдо LEAT NUR 
A oo 
t (Fae) 


7 


Thus, 


7.14 Under certain conditions, wind blowing past a rectan- 
gular speed limit sign can cause the sign to oscillate with a fre- 
quency w. (See Fig. P7.19 and Video V9.9.) Assume that w is 
a function of the sign width, b, sign height, А, wind velocity, V, 
air density, p, and an elastic constant, К, for the supporting pole. 
The constant, К, has dimensions of FL. Develop a suitable set 
of pi terms for this problem. 


w= f (5, 4, V, p, А) 


dis t eL 2L VaT perc yp Жер! 
From the pi Theorem 6-3= 3 pi terns required . Use 
b, V, and p as re peatng variables. Thus, 
Litt | ams ue Иос 
and 2 огото 
Cr -)(L) (т) рге) = Р °7 


зо That C=O ( for F) 
+b -4c = О (Aig 
=1=р рәс 50 (fy T) 
Lt follows Fat а=1, 2-1, C=O , ана therehre 
sie Г . t. b 
| ERROR 


C heck ae meL ADR З 
tob . ru ЛТ. а 


| LB ET 
| =F P - yh brad 0 
Fup (1)* Car )* (17%) pes ә у 
| e =0 (hr F) 
| tath-4¥Cro (før L) 
— b+t2c =0 (dor T) 
LE bllews That Z=-], 5=0, C70 , anu There bre 
Tt, = 2 


which 15 Obviously climenspaless. (eon ) 
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Cont) 


HE "er «aue 
| "by 
(огон Ep (rr) = peer 
Іа * b-"IC =o ifort) 
| ~b+2¢ =O. (for Г) 
E follows Tat Q=-3, 5#-2,С=-1, and There fre 
mL Fit 
Hs 3 PVA ^ 


Check dad using MLT system: 
ОУ тә TI y 
CTD (ML) 
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7.20 The height, h, that a liquid will rise in 
a capillary tube is a function of the tube diameter, 
D, the specific weight of the liquid, у, and the 
surface tension, c. Perform a dimensional anal- 
ysis using both the FLT and MLT systems for 
basic dimensions. Note: The results should ob- 
viously be the same regardless of the system of 
dimensions used. If your analysis indicates oth- 
erwise, go back and check your work giving 
particular attention to the required number of 
reference dimensions. 


A-f(D vc) 
Using PLT system : 
fel Del гез gx 
From The pi theorem, 4-2 = 2 pe terms reguired, 
By Inspection for 77, (containing +): 
Which is obviously dimensionless | 


For 7 (contain; Y and a): 
FL ojo 
—— = F 
(73 )(4)* s 


1 


Thus, 


Using MLT system. 
4-1 р=1 үх МГТ GMT 
Although There a ppears to be 3 preference dimensions, only 
2 reference climensions ave actually veguired CL ana М 77) 
to describe The vera bles . 5% Inspection | for 77, (See above) 
m= E 
ancl for 7T, (ton taining Van we]: 
g^ мт 
2 


aeu = EL re = AMA 
Ўр? Curt Wa" ы 
Thus, (as a dove ) 


7.21 А сопе and plate viscometer consists of 
а cone with a very small angle а which rotates 
above a flat surface as shown in Fig. P7.2.}. The 
torque, 3, required to rotate the cone at an an- 
gular velocity, со, is a function of the radius, R, 
the cone angle, a, and the fluid viscosity, и, in 
addition to w. With the aid of dimensional anal- 
ysis, determine how the torque will change if both 
the viscosity and angular velocity are doubled. FIGURE Р7.2| 


T= (е, &,4,w) 
TEPE KRAL KO ps ptr aT" 
From The pi Theorem, 5-37 2 pr ferms veguired. 
By inspection | for 77, (containing ТГ 

ЫЗ ME 

"me А2022 7 (erT)? 
Check using MET ` m 

eS ‚5 ^ L*T 

MaR: (дт (ru)? 

The angle, ot, can be used as T, since iF is dimensionless. 
Thus, 


= FLT” 


ааа) 
мок? 
T= дак? gia) 
It follows that if both Ж and Co are doubled 
T will increase by a factor of ^. 
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7.22 The pressure drop, Ap, along a straight 
pipe of diameter D has been experimentally stud- 
ied, and it is observed that for laminar flow of a 
given fluid and pipe, the pressure drop varies di- 
rectly with the distance, Ё, between pressure taps. 
Assume that Ap is a function of D and Ё, the 
velocity, V, and the fluid viscosity, 4. Use di- 
mensional analysis to deduce how the pressure 
drop varies with pipe diameter. 


ар= £D,4,V, л.) 
Ара АСА Del ASL учат“ Az РГТ 


2 
M S Ap 2 = (EL ICL = 
© Ж” (Er? rT)(LT") 
Check using MLT ` 
j apb _ (mcr) 
А Caer oer) 
For T, (containing A): 
t= $ 
Which ıs obviously dimensionless. Thus, 
4p 2 g/L 
e Са 7 
АИ D 
From the statement of The Problem, Дрес so That 
Ез. 0) must be of The form 
Apb _, d 
um ° 
Where K rs some Constant. It thus follows That 


EAT 


= MT" nok 


l 
Аф o т 


tor a. Given velocity . 
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7.23 A cylinder with a diameter, D, floats upright in aliquid 
as shown in Fig. P7.2 3. When the cylinder is displaced slightly 
along its vertical axis it will oscillate about its equilibrium po- ES 
sition with a frequency, w. Assume that this frequency is a func- 

tion of the diameter, D, the mass of the cylinder, m, and the 1? 
specific weight, y, of the liquid. Determine, with the aid of t 
dimensional analysis, how the frequency is related to these var- 
iables. If the mass of the cylinder were increased, would the 
frequency increase or decrease? (4 


w= Ё (О, т, Y) ПИТНЕ НИНЕН) 


i! FIGURE P7.23 


d Cylinder 
e eJ 


wav? BAL m PLT ge EL? 
Frem The pi Theorem , G-3= I pr term Veg uived, 
5% in spectro а 


= “| 
- фт = be td Oe ali 
77) = ү E E. F 
Check using МІТ: 
e fan” x EO М Z ULT tek 
Dig ° 6b TTT 
Since There is only | pr Herm, it Follows That 


where C 15 a constant, Thus, 


From Mis result it Bilows that iF tm 15 increased 
w will decrease. 


N 
l 
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7.24 А liquid spray nozzle is designed to produce a specific size 
droplet with diameter, d. The droplet size depends on the nozzle di- 
ameter, D, nozzle velocity, V, and the liquid properties p, џи, с. Us- 
ing the common dimensionless terms found in Table 7.1, determine 
the functional relationship for the dependent diameter ratio of d/D. 


Given d =f(D, ү e, 4,7) so that k=6 (there 6 variables) 
and r=3 (it takes MLT or FLT {о describe them). 


Hence, k-r 26-3 23 which means that З pi terms are 
needed. 


т = PCT, f), where = % is clearly dimensionless. 


With the independent variables (де, D V e, 4,7) if is clear 
that the Reynolds number canbe one of the T Terms. 


Hence, set T, = ру) /и. 

7, must include the surface tension, T, since pl does not 
appear in T, or T. Based on the information in Table 7.1 

it is seen that the Weber number, We, can be the other 7 term, 
Hence, sel T, = eV D/G 


Thus 


ү 2 
£ HS, 22) 
or 


2 - (Re, We ) 


7-2.b 
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7.28 The velocity, c, at which pressure pulses travel through arter- 
ies (pulse-wave velocity) is a function of the artery diameter, D, and 
wall thickness, A, the density of blood, p, and the modulus of elas- 
ticity, E, of the arterial wall. Determine a set of nondimensional pa- 
rameters that can be used to study experimentally the relationship 
between the pulse-wave velocity and the variables listed. Form the 
nondimensional parameters by inspection. 


c= f(5 4, р, Б) 
сё" DEL Ral PERET EZ FL? 
From the pi theorem, 5-372 pi terms required. 

By inspection , for M, (containing c) : , 
dap а биле e 
5 VE (е1?) 
Check using МИТ. | 4 
` e VF Сет) миз) 


=e 


VE (ML'r- (4 


or T fei 


= AMT" or 


m: £ 


which is obviously dimensionless. Thus, 


cE =g (4) 
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7.26 | As shown іп Fig. P7.26and Video V5.6, a jet of liq- 
uid directed against a block can tip over the block. Assume that 
the velocity, V, needed to tip over the block is a function of the 
fluid density, p, the diameter of the jet, D, the weight of the 
block, *W, the width of the block, b, and the distance, а, be- 
tween the jet and the bottom of the block. (a) Determine a set 
of dimensionless parameters for this problem. Form the di- 
mensionless parameters by inspection. (b) Use the momentum 
equation to determine an equation for V in terms of the other 
variables. (c) Compare the results of parts (a) and (b). 


B FIGURE P7.26 


(4) v= £ (p, 2, 20), b a) 
ихт PFET рг! WF bel del 


From The pi Theorem , 6-3 = 3 pi terms r efuired . 
Бу eee! for 77-1. C condainng V ) 


л#р = aT (feet) = FIT 


Check using MET” | 
“INL apr] “°F 
| 2m 27 z б ту (а= H7 


pe Por Ma let 
"Tr. 
| x d 
айа PYT.: | 
| | 3 i а 


and botn Tz and T, are obviously dimension less . 


"Thus, 


ELIT Lag ahi. eua 


(4) Por nie tippitig avound о 
2 FH, =2 


а = WÈ) (1) 


[т (| $e that 


паге me mi i (Сод Ф) 
Pa 
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ә Гек? Vim dà = TZ Е, 
| PVA = F 
Tis, trom Bj. (1) 

ae =w (X) 


mu у From РНЕ la). 
| 
| 
| 


ИР ET (4.2) 


E (2) Can be writen as 


ET ү (RE | هه‎ 


E by бәт paring E 75. (2) ала (3) Met 


Ф (4, 8)» (AG 


NER» ie b у E : d 
3o That LES n actually indepenclent «Ё ae 


7.27 Assume that the drag, 9, on an aircraft 
flying at supersonic speeds is a function of its 
velocity, V, fluid density, р, speed of sound, c, 
and a series of lengths, bł, . . . , L, which describe 
the geometry of the aircraft. Develop a set of pi 
terms that could be used to investigate experi- 
mentally how the drag is affected by the various 
factors listed. Form the pi terms by inspection. 


ob = + бул, C, Ji TE 
DEE yet! po FL*T* е=1т7 all lengths, Д.21 
From the pi Theorem, (ere )-3 = [+l pi terms vegured Where 
Г 45 The number of length terms (17 1,2, 3,ete.). 


By inspection , for 77, ( con feining з]: 
fou e Е : 
T= SS = س‎ = Eer’ 
` PA e ae A 
Check using MLT 
y» MLT : M^ [^ T^ 
EE" کل‎ = E 
Av (P179 LT 7) * (1)* 
For T, 4 containing С) 
V 


= — ор — 


V c 
and both are obviously dimensionless . 


For all other pt terms eonteiniás kij 


7, 4 


and these terms Involving The Ls are obviously dimensionless. 


Thus, «(3,4 p" d 
p n 


Where 4 /5 а Senes of pr Terms , 
1 


*7,24 The pressure drop, Ap, over a certain length of hori- 
zontal pipe is assurned to be a function of the velocity, V, of the 
fluid in the pipe, the pipe diarneter, D, and the fluid density and 
viscosity, p and д. (a) Show that this flow can be described in di- 
mensionless form as a "pressure coefficient," C, = Ap/(0.5 pV’) 
that depends on the Reynolds number, Re = pVD/t.. (b) The fol- 
lowing data were obtained in an experiment involving a fluid with 
p = 2 slugs/f?, и = 2 x 107? Ib - s/f?, and D = 0.1 ft. Plot a 
dimensionless graph and use a power law equation to determine 
the functional relationship between the pressure coefficient and 
the Reynolds number. 


(c) What are the limitations on the applicability of your equa- 
tion obtained in part (b)? 


(a) Ар= CV D, P, p) 
Дре NEE DET EFFET Д-РА 


Fror The рг Theorem, 5-3: 2 pi terms reguired, 
2 


АР FEŻ == PLT? ok 
ЕЕЕ баг 20 T9» 
Check using MLT system: 
Sel, Me | entr 


By laspection fer T 77, 


> WMI OT — 
For We . mp: pve иш (FETT IL = a) ge 
2 72 (Fit T) 


Check using MLT system ч 
e. (M) (LT) (4) . мот 
(MTT) 


Thus, Ap |. d pere) 
pv A 
‘ Лә. | 
Since $ и аи unknown Functon | а factor 
of 0.5 Can be jncluded iñ ЛТ, Cif desired ) so 


hut EUR 


E. y 2 
lel Cy 15 The pressure adis qnd Ke The Reynolds 
number. 
Ce on t3 


(b) Using the data етп, 
| T BEE i$ AEI - áp 


-GAP a 
G &. Sp > (6.5) (2 sari у V 


(eub. AGEING © „у 


ZXw3 Ei 


Tabulated values for Cp ака Fe ana a plot of 
the data ave Shown below . 


Cp 
21.3 
5.82 
377 
3.20 


Ср = 6387 Re! 9. —— — 


Pressure coefficient, 


500 1000 1500 2000 2500 
Reynolds number, Re 


The Power law re lationship 13 
2 £387 
Ca T. Re 


(С) Based on The Va rra bles Used ant the Fiven data А 
— he empirica / reletionsh: p, Eg O) ر‎ would only be 
appli cable /и the Reynolds number range 
m 300 $ Ka Zooo 
| Mete: Al though The eguatión might be valid outside 
this range, results Should not be ex tra pola led 
beyond the range of deta used. 


| 
| 
| 


#7: 30 Тһе pressure drop across а short hol- 
lowed plug placed in a circular tube through 
which a liquid is flowing (see Fig. P7.30) can be 
expressed as 

Ар = f(p, V, D. d) 


where p is the fluid density, and V is the mean 
velocity in the tube. Some experimental data ob- 
tained with D = 0.2 ft, р = 2.0 slugs/ft, and 
V = 2 ft/s are given in the following table: 


d (ft) 0.06 | 0.08 | 0.10 | 0.15 
Ap (lb/ft) | 493.8 | 1562 | 64.0 | 12.6 


Aps FL" ps РЕ бг? 


Y= LT 


Plot the results of these tests, using suitable di- 
mensionless parameters, on log—log graph paper. 
Use a standard curve-fitting technique to deter- 
mine a general equation for Ap. What are the 
limits of applicability of the equation? 


FIGURE P7.30 


1 


p=L 451 


From The p Theovem ر‎ O73 22 pi Zerms re gured - By inspection 


for Л ( containing Sp): 
Ж AP = 


Check using MLT" 
Ap c 


MET 


{Р (мі?) (ат!) 


FL? 
es А AS 
Av бетт" 


2 


= FLT 


= /у°]°7° . OK 


Fow is ( containing D and 4): 


gre y 


2. 


(which rs obviously dimenstenless ). I has, 


АР. (2) 


РУ" 
Бү The data given: 


4.50 


А log-log plot of These dala 5 shoum on The following page, 


(cont) 
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(con't) 


Since The data plot as a straight liae on 


a log-log plot, The Cg Matron for The data. 
Is of The foren 


т = 27h 
where m, = Ap/pv? Gud T; = D/d - 4 power 
law Lit of The data Gives 
A = 0.505 ant b= FFF 
3747 


Thus, AP D Ў 
ДҮ? & 0. 50s [2) 

T ^us {ха бон i applicable over The 

range of date 1433425 333. 
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7.32 As shown in Fig. 2.26, Fig. P7.32, and Video V2.10, 

a rectangular barge floats in a stable configuration provided the 
distance between the center of gravity, CG, of the object (boat 

and load) and the center of buoyancy, C, is less than a certain | 
amount, Н. If this distance is greater than Н the boat will tip ~~ 
over. Assume Н is a function of the boat's width, b, length, €, 

and draft, й. (a) Put this relationship into dimensionless form. 

(b) The results of a set of experiments with a model barge with 

a width of 1.0 m is shown in the table. Plot this data in di- 
mensionless form and determine a power-law equation relating — 
the dimensionless parameters. 


= | 
(а) m (az A) m FIGURE P7,32 


Festa Hne Р Theorem, Y— | = 5 Pi JtFrns required . Р. 
i coats i 


| A 
=4(Z, JL) 
-All | des Pi ferms qve obviously dimension les 


(5) For the data given, Faba lated values for Hlb, h/b, ana IM 
ave shown below. | 


H/b 
0.833 
0.833 
0.417 
0.417 
0.238 
0.238 


An _ Inspection of these data reveals that H/b does 
not clepend on Alb, te, The same Value of Hb 


| 4s- obtamed fev P values of 4/5. Thus 


$- 6С) 


‘and ae ids the phi of The data, using a power-law- 
— 2g uation | 


483 


7.33 The time, ¢, it takes to pour a certain volume of liq- 
uid from a cylindrical container depends on several factors, 
including the viscosity of the liquid. (See Video V1.3) As- 
sume that for very viscous liquids the time it takes to pour 
out 2/3 of the initial volume depends on the initial liquid 
depth, €, the cylinder diameter, D, the liquid viscosity, и, 
and the liquid specific weight, y. The data shown in the fol- 
lowing table were obtained in the laboratory. For these tests 
€ = 45 mm, D = 67 mm, and y = 9.60 kN/m. (a) Perform 
a dimensional analysis and based on the data given, deter- 
mine if variables used for this problem appear to be correct. 
Explain how you arrived at your answer. (b) If possible, de- 
termine an equation relating the pouring time and viscosity 
for the cylinder and liquids used in these tests. If it is not 
possible, indicate what additional information is needed. 


и (N-s/m?) 11 IT? 1 зе p d | gr 
t(s) | 15 23 3 | 83 145 


2-£(,0 а Ф) 
fé top Дер Dal датт т БГ? 
From the pi Theorem 5-3= 2 рг terms reguired. 
65 дэресе А Zo» Ж, ( containing Ё) 
ee Ea c DIEGO) 
ДЕР (FLT) 
Check using MLT system: 
жб . Cr) мі rJ). к 
CEU CTE a 
For I ( containing A) 
ud 


pure 


. DK 


Whieh 13 obviously dimensioniess, Thus, 
yi 
ty р d (= ) ER 


For The data gwen 5 = T søki fa constant. 


Ths, from Eg (1) lus Th A /p А Constant ıt {follows 
Dut LD = constant. For the data given: 


(cont ) 


ríe 


733 | (eeu) 


EXD | 377| 970 $72 
e 


EZ | #75 


Since T, 15 essentially, constant over The range of 


The experimental data the variables used for The problem 


а. ppear te be Correct. 


{5) The Average value for pr کا‎ 874 so That 
ore „руы 
Gua There fore 
D 3N > 
x (хт? хр т) 


t= 132 


wı Т (n seconds When fe a эб А 


Note That This restricted @guation 13 only valid 
for “(p= 2672, D* 627», and Y= ROR) m with 
2/3 of The Initial volume being Poured. 


7-34 In order to maintain uniform flight, smaller birds must beat 
their wings faster than larger birds. It is suggested that the relation- 
ship between the wingbeat frequency, w, beats per second, and the 
bird’s wingspan, €, is given by a power law relationship, ш ~ €". 
(а) Use dimensional analysis with the assumption that the wingbeat 
frequency is a function of the wingspan, the specific weight of the 
bird, у, the acceleration of gravity, g, and the density of the air, p,, 
to determine the value of the exponent n. (b) Some typical data for 
various birds are given in the table below. Does this data support 
your result obtained in part (2)? Provide appropriate analysis to 
show how you arrived at your conclusion. 


Wingbeat frequency, 
Bird Wingspan, m beats/s 
purple martin 0.28 5.3 
robin 0.36 43 
mourning dove 0.46 3.2 
crow 1.00 2.2 
Canada goose 1.50 2.6 
great blue heron 1.80 2.0 


са) Given ш = (2, €, 9, a) so That Кг = 57222 ow 1 


„ет eL, ртт g LT Q 


Thus, consider 
7, = wo g f° 
50 that 


M: а=0 
Li -3atbic =0 


Е 


z2 -3 
J ba = ML 


T (Mi (LT LS 
= M4 1-34 516 I^ = Мт" 


: : E 
T: -/-26 =0 , 7 gies qeu pcm C= 


7 = غاس‎ 
For 7, 


T= Seg Л 2 (т? т ЙГ 


Ita 
£90 that 2 Ai 
M: [+а=0 
L : -2-3atb1c =0 
T: -2-2b <0 


(con't) 
7-3% 


Мы “34 +Ь+с T -2-26 


= 
- 


ф(7,) 


7:34 | (con) 


These equations give a 7-1, 5" -1, and c=0 
Thus, 


== 


te 

L ا‎ 7 ud 
Tide v2 3 Ose.) € АЕ 
which indicates that 
woh? ‚ Thatis w~l” where п = = + 


(b) The given data is plotted below and a power law curve tit ıs 
applied ; with the resvits 
w =2.62 L ы 
The obtained power, -0.4s5, js very clare to that predicted by 
dimensional methods, -0.s00, 


SE where w~ beals/s when bm. 


А 


TM 


у = 2.6207x ^59 


a 


w 


w, beats/s 


| 


— 
П 


о 
о П 


0.5 1 1.5 2 
} = wingspan ‚т 
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*7,35 


*7.35 The concentric cylinder device of the type shown in Fig. 
P7.35 is commonly used to measure the viscosity, џи, of liquids by 
relating the angle of twist, 0, of the inner cylinder to the angular ve- 
locity, w, of the outer cylinder. Assume that 


Ө = flo, B, K, Dy, Dy €) 


where K depends on the suspending wire properties and has the di- 
mensions FL. The following data were obtained in a series of tests 
for which L = 0.01 lb · s/f, К = 101b ° ft, € = 1 ft, and D, and 
D, were constant. 


Fixed support 
ИИИ ГИН и 


Rotating 
outer cylinder 


Liquid 


[4 

E 0 (rad) w (rad/s) 

0.89 0.30 е — 

1.50 0.50 ^] m — y ы 

2.51 0.82 | iy 

3.05 1.05 2 

4.28 1.43 Ш FIGURE P7.35 

5.52 1.86 

6.40 2.14 


Determine from these data, with the aid of dimensional analysis, 
the relationship between 6, w, and ух for this particular apparatus. 
Hint: Plot the data using appropriate dimensionless parameters, 
and determine the equation of the resulting curve using a standard 
curve-fitting technique. Tbe equation should satisfy the condition 
that 0 = 0 for w = 0. 


K3 FL Hak ا23‎ fal 
From the pr Theovem, 7-34 pr terms reguired . By inspec tion , 


For Л; (containng e): А 
3 
m = CoA £ Е Cr! Y e^) 2 FLT’ 
= K FL 
Check using МЕГ: " 
QA . (rlar) ; wes pt Ok 


For Mz and Th ( contenu D and b): 
. & - В 

Из m 

(Which ave obviously aaah 93 
(Con) 
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Thes, The dimensional qne/gsts gi elds, 
Ө = Ф (a 2 4. P, а.) 


Fer a given device , a and D/L аке corsteat so 
That ^23 


and with The ae Бб 
3 hes. 
a. orent n кы; 


о f£? 
Usmo The Ө vs. data supplied , ГЁ follws that: 
wu L? : 
^K "la Фаир Доў х/б” 


E -.3 < 
43410 [86x10 | 216x10? 


These data are plotted below. The best linear curve fit gives 
Ө = 2.98/0) ша, 


0 —t Ž 
О 00005 0001 0.0015 0002 0.0025 


ши P5/k 


Hen ce, for the particular device with ££ and К“ 10 Ib fi, 
"PEZ тө бш [cotra (10s ez) | 


lo lof 
so- Thet © 
O= 42 24 


with O ги rad for Gin rad/s and Ju Ih /b‘s JFE 
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7.37 Air at 80°F is to flow through a2-ft pipe at an average veloc- 
ity of 6 ft/s. What size pipe should be used to move water at 60 °F 


and average velocity of 3 ft/s if Reynolds number similarity is en- 
forced? 


For Reynolds number similarity, 
Re. = К 


air € water ر‎ OF 


Cn E IT 
Thys, 
D ү adi Vair 


waler y. 
air 


V J Is М where from Tables 8.1 and 8.2. 
water 


-5 pn - ff" 
к = О ш apd ЖЫ, Ж, 
60°F 80°F 
Hence, 


D _ f L210xig 5 ie 
ater 


W 


6 H/s - 
ees 3 a; (2H) 0.286 
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7.38 


7.38 To test the aerodynamics of a new prototype automobile, а 
scale model will be tested іп а wind tunnel. For dynamic similarity, 
it will be required to match Reynolds number between model and 
prototype. Assuming that you will be testing a one-tenth-scale 
model and both model and prototype will be exposed to standard 
air pressure, will it be better for the wind штпе1 air to be colder or 
hotter than standard sea-level air temperature of 15 °С? Why? 


Let ( )m and ( Jp denote model and prototype, respectively, 
Thus, Re, = Көр ر‎ ог 


(YE), E (2), y 
A : sd 

Vn = a Je Vo - 09 6 since Ûy то Lp 

If the wind tupnel air is at standard sea-level conditions, 

then 2а = and 

Vn =19Vp, Hence, if ур = 55 mph, then Vm = 550 mph, which is tov 

large for simple tests. For one this, at 5500) compressibihty 

effec]s become important. At 55 mph they are not. Assume 


the test are conducted with Y/Y <I so that more realistic wind 
funnel velocities are prescribed. From the dala in Table 8.4, 


at 7=15*%, Up = /. ¥7x10 ° mand the data shown below are 
obtained. E 


Г 


Ss 


-50 0 50 100 150 200 
nf: 


For 75, фр <I if follows that 7156. Hence, if would be better to 


have а cold Windlynne]. However, even with Т = 40°C, which gives 


Im /Y = 0.707, the Vp = 5S mph would require V, = 10 (0.707) 55р), = 389 mph, 


7-43 


7.30 You are to conduct wind tunnel testing of a new football de- 
sign that has a smaller lace height than previous designs (see 
Videos V6.1 and V6.2). It is known that you will need to maintain 
Re and St similarity forthe testing. Based on standard college quar- 
terbacks, the prototype parameters are set at V = 40 mph and 
w = 300 rpm. The prototype football has a 7-in. diameter. Due to 
inswamentation required to measure pressure and shear stress on 
the surface of the football, the model will require a length scale of 
2:1 (the model will be larger than the prototype). Determine the re- 
quired model freestream velocity and model angular velocity. 


Let ( )m and ( Ip denote the model and prototype, respectively. 
For Reynolds number similarity, Rep = Rep, or 


Vin = oe Vy = (z )(40mph) = 20mph, since Dm = 2Dp. 
Thus, й 
EET mi (Кн Jc ue. Ir.) 2 —" f 


3400 


For Strovhal number similarity, Sty = Stp, or 
Wm D 

ET 3 a where uh = 300 rpm 

Hence, 


_ Vn D h 
= m —/20m l - 
Wm Vp 3, = (oreh) (z) (rpm) = 75rpm 
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7.48 А model of a submarine, | : 15 scale, isto be tested at 180 ft/ 
s in a wind tunnel with standard sea-level air, while the prototype 
will be operated in seawater. Determine the speed of the prototype 
to ensure Reynolds number similarity. 


Let ( Jy and Jp denote model and prototype, respectively, 
Thus, Re, = Ron, or 


oie se, where Un =т= bp 


Hence, 
Жүй JA 
— (-т - zm 
ү = (BE) 5 
Also, 
А 21.570 E and % 124x05 co that 


ү, = [к (LEZAIOTHA v Vp = 187 ү, 


24x 107 2/5 


Z41 


7.41 SAE 30 oil at 60 °F is pumped through a 3-ft-diame- 
ter pipeline at a rate of 6400 gal/min. A model of this pipeline 
is to be designed using a 3-in.-diameter pipe and water at 60 °F 
as the working fluid. To maintain Reynolds number similarity 
between these two systems, what fluid velocity will be required 
in the model? 


For Reynolds number similarity A 


Vm Dm, УР 
X v 
ok 
VA = Lin 2 ۷ 
m YV Dn 
Since , @ 
E ipa. 
and c» 231 in?) (LEE 
Qs (6400 ELE CLE 
Со, 
then pa ДИ” 
Y= : = 2.02 


Thus, trom Eg ti) 
-£ 42 
g = ТЁЗ VER) б д) 
lasin” zs ft) 


128 IA. jJ. /4,3 ££ 
5 


C/) 


7.42 The water velocity at a certain point along a 1 : 10 scale 
model of a dam spillway is 3 m/s. What is the corresponding pro- 


totype velocity if the model and prototype operate in accordance 
with Froude number similarity? 


Kop Froude number similarity | 


Vm V 


— ?> 
= سے 


Vi gon 2 Vg 


y= (BEE) v 


and with g` dm ) 4/4. = 10, y= Зот 


50 that 


V= [77 (зап) = $44 


— 
سے 


7.43 The drag characteristics of a torpedo are to be studied 
in a water tunnel using a 1:5 scale model. The tunnel operates 
with freshwater at 20 °С, whereas the prototype torpedo is to 
be used in seawater at 15.6 °С. To correctly simulate the be- 
havior of the prototype moving with a velocity of 30 m/s, what 
velocity is required in the water tunnel? 


For dynamic Simi larity The Reynolds number must be he 
Same for model and prototype. Thus, 


Vm Dm _ уд 


Since, 72, (water Ф 20°C )= 1004x ° m/s (Table B.2), 
72 (seawater @ 16.0%) = 1.17 x 10° m4 (Table 16), and 
D/D, зз, лЁ follows That 


_ (1.004 KID 
m (1.17 x10 


(5) (зо) 
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7.44 Fora certain fluid flow problem it is known that both 
the Froude number and the Weber number are important di- 
mensionless parameters. If the problem is to be studied by using 
а 1:15 scale model, determine the required surface tension scale 
if the density scale is equal to 1. The model and prototype op- 
erate in the same gravitational field. 


For dynamic similarity , 


V б, " 
&& = ede (Pande number similavity) 


б Vgz 


> > 
(rm Vo Хм = pve ( Weber number sive lay ) 
Om 


To satisty Froude number similarity (with = Jan) Ў 


Vat = (2 
V р: 
and There fore for Weber number similarity 


Gm. Fm Ve Y^ Ju = „ы Г" 
T ЗАР 


б^ ауу ега 
Thus, with 2m = ж and & feat, 


КУТ. | 
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7.45 The fluid dynamic characteristics of an airplane flying 
at 240 mph at 10,000 ftare to be investigated with the aid of a 
1:20 scale model. If the model tests are to. be performed in a 
wind tunnel using standard air, what is thierequired air velocity 
in the wind tunnel? Is this a realistic velocity? 


For dynamic sim larity The. Reynolds number must be the 


Same for model and prototype. Thus 
[hm 
r4 


T 
AF y 
em 


Б -7 ip 9 
= 3.534 x10 е j p= 1752 ×0 slate (ес) 
sÉTR xd les . " jd 

DOREM LL pod (mek iT 
о, it follows from £3.01) That 


mone? Ms) ( 95x 16^ quss ) 


2 (spas ) ( 239 х0? m (zo) (z¥0 mph) 


No, 1T is not à realstié velocity — much deo high. 


7.46 If an airplane travels at a speed of 1120 
km/hr at an altitude of 15 km, what is the re- _ 
quired speed at an altitude of 8 km to satisfy Mach | 
number similarity? Assume the air properties cor- 
respond to those for the U.S. standard atmo- 


sphere. 


For Mach num ber similarity , 
ЖИ 
I5 Rm : 8 


The Speed ef sound can be calculated trom Те 0g uation 


e= VÆRT (Eş. /. 2o) 
and fr air, % =/.#0 , = 291.7 J/As k 
At /5#м al# tude , 
- 555p 27.5 = алир ТЕН) 


and at E „бм 
Т= = 36.9% °С + 47316 = 2304 (Table C 2) 


Thus, at 15km olhtude 


|с. )(а®.тк) = qs 22 


7 Sham 
and at € k m 


Cohn т Gove) (ae. ر‎ ETE = 308 


From Eg. @) 
С 
= g Am 


SA 
С едм ш 


А. 


то Ran 
MEN 2 
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7.47 (See Fluids in the News article "Modeling parachutes in a wa- 
ter tunnel,” Section 7.8.1.) Flow characteristics for a 30-ft-diameter 
prototype parachute are to be determined by tests of a 1-ft-diameter 
model parachutein a water tunnel. Some data collected with the model 
parachute indicate a drag of 17 lb when the water velocity is 4 ft/s. 
Use the model data to predict the drag on the prototype parachute 
falling through air at 10 ft/s. Assume the drag to be a function of the 
velocity, V, the fluid density, p, and the parachute diameter, D. 


= d V, р, D) 


Jer sir” ferr r dee 
From The рг Theorem, 2-3=[ pe Herm reg uireck, 
and a dimensional analy sis yields 

ТА bs | 
Where С ıs a Constant. Thus, for Similarity 
between Model and prototype 


е 
A. a Ou 


| {+ 9285 


طا 17/ = 
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7.48 Thelift and drag developed on a hydro- - 
foil are to be determined through wind tunnel: 
tests using standard air. If full scale tests are to 
be run, what is the required wind tunnel velocity 
corresponding to a hydrofoil velocity in seawater 
of 15 mph? Assume Reynolds number similarity 
is required. 


For Feynolds number similarity , 
Von Åm 2 y4 
77, V 
Where X is some characterishe length of the hydrotri 1. 
Thus, 


and wita Af eo = 1 (Lull scale zst) 
_ Ya EE woe) 
Vg pr T 


Р 5__ (15 mph) 
d (126 x j^? f£") à 


= /87 mph 


7.4 A 1/50 scale model is to be used in a towing tank 
to study the water motion near the bottom of a shallow chan- 
nel as a large barge passes over. (See Video V7.16) Assume 
that the model is operated in accordance with the Froude 
number criteria for dynamic similitude. The prototype barge 
moves at a typical speed of 15 knots. (a) At what speed (in 
ft/s) should the model be towed? (b) Near the bottom of the 
model channel a small particle is found to move 0.15 ft in 
one second so that the fluid velocity at that point is ap- 
proximately 0.15 ft/s. Determine the velocity at the corre- 
sponding point in the prototype channel. 


(а) For Freude number similarity 
Vim V 


VA VH 


Where L is some charectevistic lengt, and with Хт 


ү x 
Thus 3 | E (iskuta - 1, Lon 
From Table А. | | Anot = (0.514 dii: 


So thet 


= (4 [2 PER I a Ts 


(b) Since from Eq. (1) 


So that 
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7.50 A solid sphere having a diameter d and specific weight у, is 
immersed in a liquid having a specific weight уу(у; > y,) and then 
released. It is desired to use a model system to determine the max- 
imum height, h, above the liquid surface that the sphere will rise 
upon release from a depth Н. It can be assurned that the important 
liquid properties are the density, y8: specific weight, уу, and vis- 
cosity, у. Establish the model design conditions and the prediction 
equation, and determine whether the same liquid can be used in 
both the model and prototype systems. 


Assume hat = {(а, H X, d, a, Jie) . Note That by 
incl ud ins д», 5, qnd ri j both The mass and Weight of the 
fluid and spheve are taken into account. This follows since 
A C clensrty ) = 2%. , 2 would be incorrect fo list 4,2, and 
as independent variables. We expect fne mass of The sphtve 


to be im portant since The sphere will have accelerated moton. 
ince, 


the pi Theorem indicates Mat 7-3= ¥ pi terms reguived, A 
dimensional analysis yie Ids , 


Thus ‚ the Model design tonditons ave 
FM = H Ys m = Уз Дем dm = Lf 4 
а à К X. Vd? d? 
fam * fm Vy 
prediction eguation 15 
X da 


d а 


From the last model design condition (with 474-2, 


Mim " м аһ? (11 
Af а? 


Since Ф, Га з he lengh scale and ı5 presumably not egual 
to оле, Eg.) will net be sotshed sf The same liguid. 1s 


used . Thus, the same liguid cannot be used. 
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7.51 A thin layer of an incompressible fluid flows steadily over а 
horizontal smooth plate as shown in Fig. P7.51. The fluid surface is 
open to the atmosphere, and an obstruction having а square cross 
section is placed on the plate as shown. A model with a length scale 


of апда fluid density scale of 1.0 is to be designed to predict the 
depth of fluid, y, along the plate. Assume that inertial, gravitational, 
surface tension, and viscous effects are all important. What are the 
required viscosity and surface tension scales? 


Free surface 


BFIGURE Р7.51 


A шй dynemics problem or which inertial, gravitational surface 


msien, and viscous effects are all imprtant veguires Froude, 


ee , and Weber number sim larity ‘(see Table 71). Thus, 
or 


„Ме „у 
fada VFA 


( Froude number similarity ) it follows Bat (шт КЫ, 


liat = Мам 
ү « 


For Kegnolds number similarity , 


7.52 The drag on a 2-m-diameter satellite dish due to ап 80-km/br 
wind is to be determined through a wind tunne! test using a geomet- 
rically similar 0.4-m-diameter model dish. Assume standard air for 
both model and prototype. (a) At what air speed should the model 
test be run? (b) With all similarity conditions satisfied, the measured 
drag on the model was determined to be 170 N. What is the pre- 
dicted drag on the prototype dish? 


fa) From E$.719 , Feynolds пат simu larity is reguived. Thus, 
Vm Dm. VD 
ж » u^ 
Where D ss the dish diameter. IL fellows thet 


аи 
у" 22 BY 


and with 12 fyc! 
Van = (220. Yoo SETTE. 


0, 
(b) From £9. 7.12, 
m 
Au 
Jo that (wit fm 


-a 
= 


( Note That 9 =f, ın ` this problem, since. trom the Condibon 
of Reynolds number. similarity А V/V, = D. [Dt This is not 
true (n general. ) 
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7.53 A large, rigid, rectangular billboardis supported by an elastic v 

column as shown in Fig. P7.53. There is concern about the deflec- => 
tion, 6, of the top of the structure during a high wind of velocity V. -= 
A wind tunnel test is to be conducted with a I : 15 scale model. As- — 
sume the pertinent column variables are its length and cross- => 
sectional dimensions, and the modulus of elasticity of the material = 
used for the column. The only important “wind” variables are the وڪ‎ 
air density and velocity. (a) Determine the model design conditions = 
and the prediction equation for the deflection. (b) If the same struc- — 
tural materials are used for the model and prototype, and the wind — 
tunnel operates under standard atmospheric conditions, what is the ج‎ 
required wind tunnel velocity to match an 80 km/hr wind? — 

Front View Side View 


8 FIGURE P7.53 


Assume {= Ff (4,4, 4^ V 
‘where: S~ deflection = р, An — [муў = 1, Loter lengths = L 


(us a, ~- еж.) у. Pw air deities РТ”, V aie үз з LT; 


Ev medida P elasherty =F p jom The р! * Theorem ر‎ 
(eee) -3= a+ pi Terms. required, and а dimensional analysis 


elds ; 
ged (AE) 


(a) The model design conditions ave TE 
Aim à Ас fm e View x م‎ 


qud The pute eguakion 15 
dies 5 
po^ 
or with а leng]h scale of 115 
FERES ISSam 


(b) From The second model design condition, 
2. Em 2 ү 
Ym E f 
So That with E=Em ana A (т 
А 
Am 


or =۷ = 80 


754 


7.54 Athinflatplate having a diameter of 0.3 
ft is towed through a tank of oil (y = 53 Ib/ft?) 
at a velocity of 5 ft/s. The plane of the plate is 
perpendicular to the direction of motion, and the 
plate is subrgerged so that wave action is negli- 
gible. Under these conditions the drag on the 
plate is 1.4 Ib. If viscous effects are neglected, 
predict the drag on a geometrically similar, 2-ft- 
diameter plate that is towed with a velocity of 3 
ft/s through water at 60 *F under conditions sim- 
ilar to those for the smaller plate. 


ГЁ viscous and wave effects are neglected 2 


(fA 9 V ) 
where: Ar drag 3 Е, а^ plate diameter 2L, pr fluid density = річ? 
and V~ velocity = LTM . From the рг fheovem, 4-3= | pi tera 
veguired, and û dimensional analysis yields 


oF 
U EE 
[Vid 
Since There is only one pi term 
Im 5 ~a = constant 
heg p 
Where m refers to Те Smaller, 0.3- ft-diameter plate | 
Thus, 
^ n Va auo ы (1) 
From The data given : 
P= 1. 94 slugs/ft* j d= 225 V= 3 ft/s 


= 53 Ibl £43 : = = 
2 72.2 ft/s* 2 din = 0.3 FE ; Von 5 f j By, 21 +1 


Therefore , from Бә (1) 


4- (i ay H) (3) (z ft)” 


[53 1/2 53 1/82 N (= £y 0.3 f+ 
E "32,2 445° .) is y (0.34 y 


(ШЖК) = Aby lb 


7.55 For a certain model study involving a 
1:5-scale model it is known that Froude number 
similarity must be maintained. The possibility of 
cavitation is also to be investigated, and it is as- 
sumed that the cavitation number must be the 
same for model and prototype. The prototype 
fluid is water at 30 °С, and the model fluid is water 
at 70 °С. If the prototype operates at an ambient 
pressure of 101 kPa (abs), what is the required 
ambient pressure for the model system? 


For Froude number similarity ; 
Vn \ 
NER a £ 
So fnt (with 925 


i. 


For cavitation pare UT F 
be ieg) 
z/^ Жл 
LL follows that (Ж; 2 
Ch tile ER nie] 
and making use of Ед. Ш) 
Ub. - Rolm” ^d E Вв) 
Foy water ( from Table В. 2): 
@WC = 71.8 kgm? Tou BID? Мт Cabs) 
@ 30°C p= 9957 Ay lm? j Es = 4293 x1 мін“ (abs) 
Thus, from (л) 
$c ( 977.8 ££, ) 
E (uq) En ) 


| 3 3 ку 
(=) (хто x - #4 243 X0 at) S.IIbXIb - 5 | 


SOL A, Pa (abs) 
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7.56 A thin layer of spherical particles rests 

on the bottom of a horizontal tube as shown in 

Fig. P7.56. When an incompressible fluid flows 

through the tube, it is observed that at some crit- 

ical velocity the particles will rise and be trans- 

ported along the tube. A model is to be used to 

determine this critical velocity. Assume the crit- 

ical velocity, V. to be a function of the pipe di- 

ameter, D, particle diameter, d, the fluid density, 

р, and viscosity, и, the density of the particles, 

pp, and the acceleration of gravity, g. (a) Deter- ВНЕР OTRO 
mine the similarity requirements for the model, FIGURE P7.56 
and the relationship between the critical velocity 

for model and prototype (the prediction equa- 

tion). (b) Fora length scale of ? and a fluid density 

scale of 1.0, what will be the critical velocity scale 

(assuming all similarity requirements are satis- 

fied)? 


(4) a (04,0, ра) 

WE DSL dat pe РС we FET p= FET? q:LT ^ 
From the pi theorem, 1-37 4 pi terms Ре дий в, 
dimensional isses yields 

3 2 
2 -é( $, f, ME ) 
y 
Thus, The Ый. requirements ave 
Ém o. == 
2 


fom Ки 

The prediction equation rs 
рио. Fim Vem» Vus р. 
2008 + 


(b) TF all similarity ure are satısfıed, the prediction 


е; uation indicates at 
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From The Third induci sperat (шт g= 4.1, 
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7.57 The pressure rise, Ap, across a blast wave, as shown | 

in Fig. P7.57and Video V11.7 is assumed to be a function of | 

the amount of energy released in the explosion, E, the air den- —-—— Air (р, c) 

sity, p, the speed of sound, с, and the distance from the blast, | - 

d. (a) Put this relationship in dimensionless form. (b) Consider 

two blasts: the prototype blast with energy release E and a model 

blast with 1/1000th the energy release (E,, = 0.001 E). At what 

distance from the model blast will the pressure rise be the same Ш FIGURE P7.57 
as that at a distance of 1 mile from the prototype blast? ' iced 
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7.58 The drag, 9), on a sphere located in a pipe through 
which a fluid is flowing is to be determined experimentally (see 
Fig. P7.58. Assume that the drag is a function of the sphere 
diameter, d, the pipe diameter, D, the fluid velocity, V, and the 
fluid density, p. (a) What dimensionless parameters would you 
use for this problem? (b) Some experiments using water indi- 
cate that for d = 0.2 in., D = 0.5 in., and V = 2 ft/s, the drag 
is 1.5 х 107° Ib. If possible, estimate the drag on a sphere 
located in a 2-ft-diameter pipe through which water is flowing 
with a velocity of 6 ft/s. The sphere diameter is such that ge- 
ometric similarity is maintained. If it is not possible, explain 
why not. 


FIGURE P7.58 


(2) D s £ (4, b, V, и) 
pst deh. Bel veh” pe Буг? 


From The рг Theorem, 5-8 = 2 pi terms reguived, диа a 
dimensiena/ analysis yields 


pe 10 


(b) The S/mi larity re f urement /3 
C ЖШ, 


A. Q 
so Tat naa d CU 
6. £ In. 2 fe 
and A= 0.8 F£ (шед diameter J 


Thus, The prediction equation 15 


LE o ж. 
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7.59 Ап incompressible fluid oscillates har- 
monically (V = У, sin wt, where V is the velocity) 
with a frequency of 10 rad/s in a 4-in.-diameter 
pipe. А і scale model is to be used to determine 
the pressure difference per unit length, Ap, (at 
any instant) along the pipe. Assume that 


Ap, = f(D, Vo, о, t, р, p) 


where D is the pipe diameter, c the frequency, 
1 the time, и the fluid viscosity, and р the fluid 
density. (a) Determine the similarity require- 
ments for the model and the prediction equation 
for Ap,- (b) If the same fluid is used in the model 
and the prototype, at what frequency should the 
model operate? 


ара РС? pak yir! maT" ЖАТ em gen 
From the Р! Theorem, 


dimensional analysis yields 


7-2 = 4 pr terms reguived, atid a 


(a) Thus, the een reguirements are 
etm WE trot fahm Da p%P 
Dm D تڪ‎ p» 
and the prediction eta Tin bs 
раф . fn AP em 
Piss Pm Wa 
(L) Fr Reynolds nym ber similarity ( the last similarity rejuirembil) 


with the Same feud in model and Prototype, 
Yom. 2 


"e 
so That from Me Lirst Similar reg ire ment 


t Dm Ve. 
r^ D Ит 


2(2) = (Ba E) 


Thus, to satis ty The Vemainins similarity Ves uivement 
Шы ty = Ot 


= pu үг a) = C#) - (io red) = 
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7.60 As shown in Fig. P7.60, a "noisemaker" B is towed behind a 
minesweeper A to set off enemy acoustic mines such as at C. The 
drag force of the noisemakeér is to be studied in a water tunnel at a 
A scale model (model X the size of the prototype). The drag force is 
assumed to be a function of the speed of the ship, the density and 
viscosity of the fluid, and the diameter of the noisemaker. (a) If the 
prototype towing speed in 3 m/s, determine the water velocity in 
the tunnel for the model tests. (b) Ifthe model tests of part (a) pro- 
duced a model drag of 900 N, determine the drag expected on the 
prototype. 


WFIGURE P7.60 


T" 
(а D={(V, e, 4, D), where GeF, V x ptos, 
№ ё x ‚ and D =/ 
Thus, k-r 95-322 so thal 7 = 9), 
where by inspection there are the ingredients for a Reynolds 
number Re = pVD/u, and a drag coefficient, c, =q9/(tV*D7). 
Hence , 


C, = (Re) 


For similarity А Rey, = Re „@ 


ө» = er $0 that with On =0 and Mm =й, 
m 


VD, = VD or with Dm “ED, 
= 2V = 4۷ = 432) =12 2 
т 


(b) With Rey, = Re it follows that Oy, “Cn, Or 
Lin 9 


Tq ° Tore 
Thus, since От =P, 
ta = Py 
Vi Dy V 
2 D 2 /; 2 Z 
iP =) (35) 44, - (325) (4) oN) = Goon 
Note: The prototype has +he same drag as the model. 
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7.61 Тһе drag characteristics for a newly de- 
signed automobile having a maximum character- 
istic length of 20 ft are to be determined through 
a model study. The characteristics at both low 
speed (approximately 20 mph) and high speed (90 
mph) are of interest. For a series of projected 
model tests an unpressurized wind tunnel that will 
accommodate a model with a maximum charac- 
teristic length of 4 ft is to be used. Determine the 
range of air velocities that would be required for 
the wind tunnel if Reynolds number similarity is 
desired. Are the velocities suitable? Explain. 


For Reynolds number sim larity ‚ 
m Им Lan = pv 
le < Ay 


/ aa 
in LLY 


Since the wind tunnel is unpressanged The air properties will be 
approximately the Same fr model and prototype. Thus, Eg, 0) 


recluces +o 
“ ЖУЛ, 


and fer Tae chta ee 
. (20# = 
Im = Cape)? a 
Therefore, at low speed 
Vm = 5 (2o mph) /o0 mph 
aud at high speed 
= 5 (Ф mph) = "5o mph 


So That The model velocity range ts /00 mph +o #0 mph . 


At the high velocity im the wmd tunnel, compressibility of The 
alr Would start To become an Important factor, whereas 
compressibility iy hot importent for The Prototype. Thus, The 
higher velocity Veguired for The model would not be иШ. 


No. 
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7.62 Тһе drag characteristics of an airplane 
are to be determined by model tests in a wind 


tunnel operated at an absolute pressure of 1300 


kPa. If the prototype is to cruise in standard air 
at 385 km/hr, and the corresponding speed of the 
model is not to differ by more than 20% from this 
(so that compressibility effects may be ignored), 
what range of length scales may be used if Rey- 
nolds number similarity is to be maintained? As- 
sume the viscosity of air is unaffected by pressure, 
and the temperature of the air in the tunnel is 
equal to the temperature of the air in which the 
airplane will fly. 


For Reynolds humber Simi larity ) 


So That 


or 


Ja А 
p x QE A 
Ea 7; д n 

G = Constant 


ae 
i4 


a LI 
4nd fg ti) Can be writen as (with Mpp ) 


Aa dE 
JR 


For The date given 


Lu. бый} Y 


a (1300 Р.) м 


and with Vus (140.2) V, r* Allows That 


/ 


(101. ) 


Am 


l 


R Б (13004 Pa ) (10.2) 


Thus, The range of lengh sales ks 
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0,0647 to 0.097/ . 


` "7463 Wind blowing past a flag causes it to ‘‘flutter in the 
breeze." The frequency of this fluttering, w, is assumed to be 
a function of the wind speed, V, the air density, p, the acceler- 
ation of gravity, g, the length of the flag, €, and the ‘‘area den- 
sity," рд, (with dimensions of ML 72) of the flag material. It is 
desired to predict the flutter frequency of a large € = 40 ft flag 
in a V — 30 ft/s wind. To do this a model flag with € — 4 ft 
is to be tested in a wind tunnel. (a) Determine the required area 
density of the model flag material if the large flag has e, = 
0.006 slugs/ft?. (b) What wind tunnel velocity is required for 
testing the model? (c) If the model flag flutters at 6 Hz, predict 
the frequency for the large flag. 


A)‏ ,8,4 رم ЁО‏ = ده 
we! VELT" ре мі? ger fal Aang"‏ 


From The pi Theorem, 6-3 = З pi terms reguired, and & 
dimensional qnal ysis yields 


(Fe 4 (% (A ) 
Co E Ф fr 2 Рд 
(ay For Smlarr?y 


[у = LA 
CN ae 


Gna Since Ay = Р 

d E Vf slu y 
@„* ÆR (25, ) (0.000 r). 
(5) Er sim larity 


Von = 
Maske dac 


Gna with m= d 


шз Ye 


ce) With Те simlarity requirements satisfied the prediction 


J diii is E > a), E 


So That T А 
n 3 = о. е pr (он) = 1.30 Нэ 
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$65 The drag on a sphere moving in a fluid 
is known to be a function of the sphere diameter, 
the velocity, and the fluid viscosity and density. 
Laboratory tests on a 4-in.-diameter sphere were 
performed in a water tunnel and some model data 
are plotted in Fig. P7, 65. For these tests the vis- 
cosity of the water was 23 x 10-5 Ib:s/ft? and 
the water density was 1.94 slugs/ft?. Estimate the 
drag on an 8-ft diameter balloon moving in air at 
a velocity of 3 ft/s. Assume the air to have a 
viscosity of 3.7 x 107° ib-s/ft and a density of 
2.38 x 107° slugs/ft*. 


Model drag, Ib 


Mode! velocity, ft/s 
FIGURE P7.65 


09: 5 (а, V, p, и) 


where: Oa арад F, dasphere diameter =L, V~ velocity = ur 
pP” fure density = ы Sell ^^” M uscosity = itor 


From the pr Theorem , 5-3 = 2 pi terms required, and a 
Aimenswnal analysis fag 


d 
ec (02) 


Thus, Keqnelds number Similarity is reguired зо That 


(4.3 xw * EN e 39x10 “ie ) m ft) a 
= TTL Sig ب‎ 
sapis 
Fram he graph for Vy, = 547 “ж, ой), = 1.30 IL. Since 
„м 
Arta m" 
or LALLA 
dP Be ee ha н 
so That 3 lugs ) 1. 
Ф: 2. 
(р (53200 (3 €) (sft) (1.30%) = 


EA ee Bel 0.274 1 
(194 S ) (5.49 ££)* б Ga ڪڪ‎ 
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D 20.050 
7.67 Drag measurements were taken for a sphere, with a diameter ъй 
of 5 cm, moving at 4 m/s in water at 20 °С. Theresulting drag on 
the sphere was 10 N. For a balloon with 1-m diameter rising in air water 


with standard temperature and pressure, determine (a) the velocity air 
if Reynolds number similarity is enforced and (b) the drag force if 
the drag coefficient (Eq. 7.19) is the dependent pi term. mo d e | prototype 
a) For Reynolds number similarity, fe, = Кер, where( pand l )m 


refer јо prototype and mode | } respectyyely. TÁvs, 


(Ф) zn 
É ишет 2/5) (0.05m) 


m 
e A 


(b) Cop = Cim, since C, = 9e) and Rem = Rep, 


p à bn 
200 0 20 ПЫ D, 


P 
fe (Ye) 34, 


А 23 kg/m?) (_2. anh) (z 
rag A kg/m) N "m/s 


0.0 
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7.68 A prototype automobile is designed to travel at 65 km/hr. A 
model of.thís design is tested in a wiid tunnel with identical stan- 
dard seaslevel air properties at a 1: 5 scale. The measured: model 
drag is 400 N, enforcing dynamic similarity. Determine (а) the drag 
force on the prototype and (b) the power required to overcome this 
drag. See Eq. 7.19. 
For this model, ( Jy, and prototype, ( Jg, assume 
C, < (Re), where Re = VI/P. and C,» D/ CE oV I) 
so that if Ren = Кер, 
(а) Vn e, = А, where % <. 
Hence, 
oo0m lher) m 
т -y Mp iss. )65 ie = зас фр ЕК 


Also, with Cy, = Cog : 
dn 


—— © A ; = 
2 pi^ Tg Vay , Or SINCE Pm = (р, 
Ye) (be J 4, = (== о) (5) (кош) = 400N 


325 km/hr 


(b) P = power = so that 
h 
P = dp Vp = 400M (65 o soos Tim ) = 7220 2 
= 7220 "i 
Note: 7220W (1, 34/x)0 3E.) = 9.68 hp 


7.69 А new blimp will moveat 6 m/s їп 20 °С air, and we want to 
predict the drag force. Using a 1 : 13-scale model in water at 20 °C 
and measuring a 2500-N drag force on the model, determine (a) the 
required water velocity, (b) the drag on the prototype blimp and, (c) 
the power that will be required to propel it through the air. 


For this model and prototype, assume (see Eg. 7,19) 


G, = (Re) ‚ Where Re = Vb/¥ = Reynolds number, and 
C= 107 GWV f^) = drag coetficfent 


(a) Thus, with ( Jy and ( Jp denoting model and prototype J respectively 
Rem = Re 2 or 


Vn Ln _ Vol 
LES 


nac 
“7 Xe = (7) (memi mie qe) = 5.2 £ 


fe 


a E M. 
Z QV hy 2 (p Wo h 
Hence? 
г УТ! P. 
Lp. = © Е (SE) (ДЕ) dh 
pov ( 5, 2 (13) (2500N) = 678N 


(c) B= Lh = é70N (6%) = #070 _ 4070W 


* Fluid properties are from Tables 8.2 and 8.4 
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7.70 At a large fish hatchery the fish are reared in open, 
water-filled tanks. Each tank is approximately square in 
shape with curved corners, and the walls are smooth. To cre- 
ate motion in the tanks, water is supplied through.a pipe at 
the edge of the tank. The water is drained from the tank 
through an opening at the center. (See Video V7.9.) A model 
with a length scale of 1:13 is to be used to determine the 
velocity, V, at various locations within the tank. Assume that 


V = f (€, £n p, р, 8, О) where € is some characteristic length . 


such as the tank width, £; represents a series of other perti- 
nent lengths, such as inlet pipe diameter, fluid depth, etc., p 
is the fluid density, и is the fluid viscosity, g is the acceler- 


CQ) 


From The py Theorem, 7-3 = 
dimensional analysis 
ves C32 


v= £ (1L, te, P, 


ation’ of gravity, and Q is the discharge through the tank. 
(а) Determine a suitable set of dimensionless parameters for 
this problem and the prediction equation for the velocity. If 
water is to be used for the model, can all of the similarity 
requirements be satisfied? Explain and support your answer 
with the necessary calculations. (b) If the flowrate into the 
full-sized tank is 250 gpm, determine the required value for 
the model discharge assuming Froude number similarity. 
What model depth will correspond to a depth of 32 in. in 
the full-sized tank? 
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4 ont) | 
(Ь) For Froude number similanty 
а NEM 4 
al 4А 


and with Gm=é = 4 


Thus, trem The "preset ae 
PNE 

| Ф 

гЁ ене thud 


vr) VF G e) 


So That with 23 = ЖИЕ 
Q - езш “(250 4 pm) = О.р “тй Дрот 
Note That This same result Can be obthine d from the Second 


simi larity reguirement ( whith corresponds jo Froude 
hum ber simi larity ) Since 


бг x Be 
Aia. Eå 
ana There hre 8 + 
m 22 Q 
Geeme£zre similarity reg uires That 
him = £: 
Er. £ 
or Lim = Lm | 


Л: 
So That all lengths Scale as The length Scale . Thus, 


(depth -— = [5s ) берт) ъд, 


= (5) (зг in) = 2.46 in. 


(a) 


(b) 


7. ?1 Flow patterns that develop as winds blow past a 
vehicle, such as a train, are often studied in low-speed en- 
vironmental (meteorological) wind tunnels. (See Video 
V7.16) Typically, the air velocities in these tunnels are in the 
range of 0.1 m/s to 30 m/s. Consider a cross wind blowing 
past a train locomotive. Assume that the local wind veloc- 
ity, V, is a function of the approaching wind velocity (at 
some distance from the locomotive), U, the locomotive 
length, €, height, А, and width, b, the air density, р, and the 
air viscosity, и. (a) Establish the similarity requirements апа 
prediction equation for a model to be used in the wind 
tunnel to study the air velocity, V, around the locomotive. 
(b) If the model is to be used for cross winds gusting to 
U — 25 m/s, explain why it is not practical to maintain 
Reynolds number similarity for a typical length scale 1:50. 


у= £(U, 2,4 ри) 


Vibr" Шут? fel bèl beh PS FET ys РЕТ 


From The pi theorem, 1- 3 = + pi terms reguired and a 
clfmensional analysis yields 


5 £ b DAU 
LH UAE] 


Thus, The similarity 
Жы ы - bm 
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The prediction eguatión [5 


regui remonts Are 
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У. = v 
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Since The density ап& viscosity of the alr flowing around The 
train ana The air in the wind tunnel would be Practically 


the same (2.22 Ш 


pt), ‚© follows from Tha last 


similarity Veguirement ( which 1s To Reynolds num her) 
Mat MA 
ш (3) Y 


Thus, with a leng Scale of [250 and with 


U= 25m/s 


ly, = Go) smh) = 4250/5 


TA 15 required model veloeity 18 Much higher Than 
Can be acheived 14 The wind tunnel ane 


There sre ¿fF ts pot practical fe maln he1 Reynolds 


Num ber sim larity. The Veguired Model velocity Is 


-Hoo high. 


7.72 (See “Gatloping Gertie,” Section 7.8.2.) The Tacoma 

Narrows bridge failure is a dramatic example of the possible 

serious effects of wind-induced vibrations. As a fluid flows 

around a body, vortices may be created which are shed period- 

ically creating an oscillating force on the body. If the frequency 

of the shedding vortices coincides with the natural frequency 

of the body, large displacements of the body can be induced as 

was the case with the Tacoma Narrows bridge. To illustrate this 

type of phenomenon, consider fluid flow past a circular cylin- 

der. Assume the frequency, n, of the shedding vortices behind 

the cylinder is a function of the cylinder diameter, D, the fluid 

velocity, V, and the fluid kinematic viscosity, у. (a) Determine 

a suitable set of dimensionless variables for this problem. One 

of the dimensionless variables should be the Strouhal number, 

nD/V. (b) Some results of experiments in which the shedding 

frequency of the vortices (in Hz) was measured, using a 

particular cylinder and Newtonian, incompressible fluid, are 

shown in Fig. P7.7. Is this a "universal curve” that can be used ` 10 100 1,000 10,000 
to predict the shedding frequency for any cylinder placed in any ' Re, VDiv 
fluid? Explain. (с) A certain structural component in the form BFIGURE P772 
of a 1-in.-diameter, 12-ft-long rod acts as a cantilever beam with 

a natural frequency of 19 Hz. Based on the data in Fig. P7.7 , 

estimate the wind speed that may cause the rod to oscillate at 

its natural frequency. Hint: Use a trial and error solution. 


(2) nat (D, V, v) 


/ 


aap pat valg“ eek 


From the pr The orem, #-1=с> 2 Pe terms requires , 
And a dimensional analgsis yields 


52-4058 


(b) Yes. Lf the variables of ракі (а) ave correct Then 


this is a "universal or general rela honship 


between Же Strouhal number And mhe Reynolds 
hum ber. Tt (5 Vale over The range of 


Reynolds numbers Covered ih the esperiment. 


(cont ) 
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(сб) For n= 14 Н» ant П = jid a ft 
c, AD, 4н Cn 1) 
EER ke Rae 
From Fig, P 7.72, үн: A 
14 Hg (4, FE 
ai ii 0,2/= ыз: 
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зо thee V= 7.50 26 (5.14 mph ) 


А‏ ت 
Chek Re: Rye УР = (7.54 Z) te) = 4000‏ 

i l.9 1 xi 7 1 ad 
From Fig. Рт.72 at Ke = 4200, St = 2.21 and evedore 


assumed Value of Su 8. 


7.73 (See "Ice engineering," Section 7.9.3.) A model study is 
to be developed to determine the force exerted on bridge piers 
due to floating chunks of ice in a river. The piers of interest have 
square cross sections. Assume that the force, К, is a function the 
pier width, b, the depth of the ice, d, the velocity of the ice, V, 
the acceleration of gravity, g, the density of the ice, p;, and a mea- 
sure of the strength of the ice, Ej, where E; has the dimensions 


FL. (a) Based on these variables determine a suitable sèt of di- | 
mensioniess variables for this problem. (b) The prototype con- | 
ditions of interest include an ice thickness of 12 in. and an ice 
velocity of 6 ft/s. What model ice thickness and velocity would 
be required if the length scale is to be 1/10? (c) If the model and 
prototype ice have the same density can the model ice have the 
same strength properties as that of the prototype ice? Explain. 


(а) e«f(5 d, Y, md Ег) 
Frem the pc Theorem, = Р! Sn reguiven, and a 
dimensional! anale sis Yie lds 


Fant (2, да з Е ) 


(5) Por mi larity, 


J 
bm 2 Р or dim бт = ج‎ 
d. A д ® 
So That 


10 


mE (&) = 190% 


аа: m 2 PL 


E, Е; 
Thus, эя 2 
EC a (Gz Vm ы Лт Since fous 2: and 
E; «NBN V. ^ 
L 


From Ор (We) y: 4 


Since Am ЈА = шю, Etm F Ei 
Cannot have Same strength properties .— Vo. 


дий model ice 
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Theorem That 7-3 
274/4 2/5 йге /ds 


7.74 | Asillustrated in Video V7.9, models are commonly 
used to study the dispersion of a gaseous pollutant from an 
exhaust stack located near a building complex. Similarity re- 
quirements for the pollutant source involve the following in- 
dependent variables: the stack gas speed, V, the wind speed, 
U, the density of the atmospheric air, p, the difference in 
densities between the air and the stack gas, p — p,, the ac- 
celeration of gravity, g, the kinematic viscosity of the stack 
gas, v,, and the stack diameter, D. (a) Based on these vari- 
ables, determine a suitable set of similarity requirements for 
modeling the pollutant source. (b) For this type of model a 
typical length scale might be 1:200. If the same fluids were 
used in model and prototype, would the similarity require- 
ments be satisfied? Explain and support your answer with 
the necessary calculations. 


s dT =e 


AT 
| dd 7 


(Bone PELT DELTI E pt fs BE TS 

^T" DL, it fellows trom the pi 
Jw terms are reguired . А dimensiona! 

ур j à and / Y^ as а possible 


sët öf Р! terms, Thus, The stim larity кө гете would be: 


Ven, V Vm Dm . УР Vm? a 02 (rA), (д) 
F NF. 


(5) Fer Dm = ot ana a= The Second stam larity 


200 (see above) 


Oy U UL. 6 Rh g^ 2 
D 200 
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The thirel similarity reguivement wı n 


56. ү j£ / 
jm -S == є Z5 


This result conflicts with Thai from The second 
Similarity reguiremenk and Therefore The similarity 


reguirements Cannot be satished Under The stated 


Qon diz1oAs. No Я 
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7.75 River models аге used to study many different 
types of flow situations. (See, for example, Video V7.12) A 
certain small river has an average width and depth of 60 ft 
and 4 ft, respectively, and carries water at a flowrate of 700 
ft/s. A model is to be designed based on Froude number 
similarity so that the discharge scale is 1/250. At what depth 
and flowrate would the model operate? 


For Froude Number sim larity 


Vm V 
Lm yga 
Where £ 15 some characteris Hit kengt, and with m= g 
Vm - [А 
je TE 
Since the flowrete (5 (p= VA, Where A is the 


appropriate Cross Secd1ona / frea, 


DO A4 "YA A 
Also, Am = (Am )?* 
A 5 
So That Du a E [47 
AU ES E T 250 
Q \f 
h 
1904 fm- 0.118 


Gnd der a Prototype depth of "1d The 


Corresponding model depin 15 


Lim = (6.0442) = 0.440 ft 


The model flowrate s oblamea trom Eg (1): 


(D, (zh V 700 0, = 2.0 £e 


7.76 As winds blow past buildings, complex flow pat- 
terns can develop due to various factors such as flow sepa- 
ration and interactions between adjacent buildings. (See 
Video V7.13) Assume that the local gage pressure, р, at a 
particular location on a building is a function of the air den- 
sity, p, the wind speed, V, some characteristic length, €, and 
all other pertinent lengths, €, needed to characterize the 
geometry of the building or building complex. (a) Deter- 
mine a suitable set of dimensionless parameters that can be 
used to study the pressure distribution. (b) An eight-story 
building that is 100 ft tall is to be modeled in a wind tun- 
nel. If a length scale of 1:300 is to be used, how tall should 
the model building be? (c) How will a measured pressure in 
the model be related to the corresponding prototype pres- 
sure? Assume the same air density in model and prototype. 
Based on the assumed variables, does the model wind speed 
have to be equal to the prototype wind speed? Explain. 


кај pet (py, 4, 2i) 
(SPEC pepe yaa Чё Да] 


From The рг Theorem, 5-3=2 fe terms veguired, and < 
dimensional analysis Yields 


Б (в) 


(b) For geometric similarity 


ln . Z 
im PA 
So thet ла : pow 
п — d | 
Gnd (F follows That all pertinent lengths are Scaled wit 
the Length Seale Lm / 2. Thus, wih Lm /2 = aoo 


model height = ay = 0.333 [t 


(с) With geometric simil arty setished (t do lows That 
SE a бн. 
QYV* Ум 
"Thus, Lo TA f^ = f v " 
p= (У) ш 
With the set of given variables Theve is no vegairement 


for the velocity scale, Vm/V, so the model Wind speed 
does not have de be еди the The Prototype Wind 


Speed. No. 
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7.77 Start with the two-dimensional conti- 
nuity equation and the Navier-Stokes equations 
(Eqs. 7.35, 7.36, and 7.37) and verify the non- 
dimensional forms of these equations (Eqs. 7.38, 
7.41, and 7.42). . 


à« Bl" ы 


се ве (Eg. 7.35) 

2 бё + а PEE. = -ФЁ en (95 + "x ) Gr 7.36) 
z Ec 2 

А Ed +k 27, v ge") = se у i vu ied a (Es. 731) 


As Indicated ın Secito» 7.10 +} 


*_ U * v *._ 
«ety ВЫ: P $ 
4. X ж. y +. f 
x = — a oe = کے‎ 
Jt 3 А: 


The Various transformations Can be made as Allows y 


òu à(Vyu*)3p* И га. 
2х ‘pe OX & ox 
and similarly , 
Qr. V2v* да. У ди? — gv. var" 
WC e Aet 29 А 2y* 25 2 ду“ 
Also , д%а " Ke 2u* x*. М y” 
2х A Ok* age /ax Ж aye 
and similarly, 
2245. v 220% pa yg dtu V 
2х2 1 92 да д 24° BL 
Fr the local acceleration, 
да. 2(Vu*lat* V gu" 
дё г дё E ar” 
and similarly, 
ou. V ape 
E T ot” 
(сои?) 
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For The pressure terms ? 


OB. EP 
2X MES 


di ap 
2x* д^ EK OKT 
and similarly 
ap. ё ap“ 
ay R day* 


Substitution of The various terms ‚ txpressecl in terms of 
the dimensionless variables, can be made into The origina! 
di Lheventral eg uations ( £35. 7. 357 736, wd 7.37) fe 
yield Eqs. 728, 7.39, and 7.40. To obtam Те tine! 


form for £5. 7.91 and 792 divide, each Herm 
by PVE. 


7.78 А viscous fluid is contained between wide, parallel 
plates spaced a distance й apart as shown in Fig. P7. 78.The 

, upper plate is fixed, and the bottom plate oscillates harmonically 
with a velocity amplitude U and frequency в. The differential 
equation for the velocity distribution between the plates is 


ди _ Pu 

Pa "ay 
where и is the velocity, t is time, and p and p are fluid density 
and viscosity, respectively. Rewrite this equation in a suitable 
nondimensional form using h, U, and w as reference parameters. 


س 


ди 
д9 


& FIGURE 


= Ucos wt 


P7.78 


7.74 Тһе deflection of the cantilever beam of 
Fig. P7.74 is governed by the differential equation 
diy _ E 

EI aui йш Р(х – t) 
where E is the modulus of elasticity and / is the 
moment of inertia of the beam cross section. The 
boundary conditions are y = 0 at x = 0 and 
dyldx = 0 at x = 0. (a) Rewrite the equation 
and boundary conditions in dimensionless form 
using the beam length; f, as the reference length. 
(b) Based on the results of part (a) what are the 
similarity requirements and the prediction equa- | 
tion for a model to predict deflections? 


ca) Let a. and X*- 


du. 24014)ах*. 
dX "dad" dx 


dg PE dy” 


dx fe E: > 
Thus, the eriginal dif fevential eg uation becomes 


E dà -p(px-a) 
A | dx** 
d*u* _ | PR") row. 
T" [2 (x ) 


and The boundary conditions are 


ду? _ 


r 


J 


(5) The similarity reg uivements ave 


* 
Xu =x* or Е x and = 
PE. uio ФРЕЕ M 


The prediction eg uation £ 
ж 


7.80 
7.80 A liquid is contained in a pipe that is 
closed at one end as shown in Fig. P7.80. Initially 

. the liquid is at rest, but if the end is suddenly 
opened the liquid starts to move. Assume the 
pressure p, remains constant. The differential 
equation that describes the resulting motion of 
the liquid is 


до, р; dv, 
= + + 
ai (ат 
where v, is the velocity at any radial location, г, 
and / is time. Rewrite this equation in dimen- 
sionless form using the liquid density, p, the vis- 


cosity, 4, and the pipe radius, R, as reference 
parameters. 


Let 


F ‚ and 


End initially 
closed 


Ж. 
13 = 


FIGURE P7.80 


Tz 


—— 


T 


where 


15 Some combinations of The parameters £, Ш, ana R having the 
dimensions ef Eime, and V is some combination of The same 


parameters having the 


t= ABs 


mensions of a velocity, Let 
(217% 72) (°, 


rl T 
and y- 8 E °T co pal 
PR CPETIG) 
Wilh These dimensionless variables * 
OE ә(үъ;*) *_ y д0;* )2&` t age 
22 att oi det (4) G nnda е (4) R* Le 
au, 2002") анж V Qu ASA f 
BP ЁР e. T (4) (6 We ee OP 
д%% . an V dpt. hr / JA, д 
qj OP РӘ JR PF L "S 1 Zp KE 
Тре orig na! dif ferential eguation сап now be adi ud as 
(yt) du Ф, + | T 
[/ (e) ENTE A4 (o) ( pee م"‎ 
or 
ж 
P. hpr? J on . 1 DN 
22* Ди? Аа 
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7.8) An incompressible fluid is contained be- 
tween two infinite parallel plates as illustrated in 
Fig. P7.6/. Under the influence of a harmonically 
'varying pressure gradient in the x direction, the 
fluid oscillates harmonically with a frequency o. 
The differential equation describing the fluid mo- 
tion is 
ди д? 

Pt X cos ot Pls 
where X isthe amplitude of the pressure gradient. 
Express this equationin nondimensional form us- 
ing h and w as reference parameters. 


FIGURE P7.0! 


Let y Ks И £'-4 and &*®= SEE So that / 


zu 


ди. 2 (бош. diit ETA 22,4," 
2t JZE dt fa) je ©) ho 22% 
24. 2 ши) dy*. ди EA Y - w ди* 
25 — | agt. 5 2 2 y* i) "Da 
дёи - c) 2*4 a) ди? 
ду? Л 25) fe w 2G) LE 


The original Su eg uation Can now " expressed as 


Года iR X cosi" [Agro PE 


or ж 
d. ا‎ | t [Æ iu 
22% ES вся po | dy*? 


7.82 Flow from a Tank 


Objective: When the drain hole in the bottom of the tank shown in Fig. P7.82 is opened, 
the liquid will drain out at a rate which is a function of many parameters. The purpose of 
this experiment is to measure the liquid depth, h, as a function of time, t, for two geometri- 
cally similar tanks and to learn how dimensional analysis can be of use in situations such as 
this. 


Equipment: Two geometrically similar cylindrical tanks; stop watch; thermometer; ruler. 


Experimental Procedure: Make appropriate measurements to show that the two tanks 
are geometrically similar. That is, show that the large tank is twice the size of the small tank 
(twice the height; twice the diameter; twice the hole diameter in the bottom). Fill the large 
tank with cold water of a known temperature, Т, and determine the water depth, А, in the 
tank as a function of time, t, after the drain hole is opened. Thus, obtain h = h(t). Note that 
t ranges from t = 0 when А = H (where Н is the initial depth of the water), to £ = tfn then 
the tank is completely drained (h = 0). Repeat the measurements using the small tank with 
the same temperature water. To ensure geometric similarity, the initial water level in the small 
tank must be one-half of what it was in the large tank. Repeat the experiment for each tank 
with hot water. Thus you will have a total of four sets of h(t) data. 


Calculations: Assume that the depth, h, of water in the tank is a function of its initial 
depth, H, the diameter of the tank, D, the diameter of the drain hole in the bottom of the 
tank, d, the time, t, after the drain is opened, the acceleration of gravity, g, and the fluid den- 
sity, р, and viscosity, ш. Develop a suitable set of dimensionless parameters for this problem 
using H, g, and p as repeating variables. Use t as the dependent parameter. For each of the 
four conditions tested, calculate the dimensionless time, tg’/H'”, as a function of the di- 
mensionless depth, ^/H. 


Graph: Ona single graph, plot the depth, h, as ordinates and time, t, as abscissas for each 
of the four sets of data. 


Results: On another graph, plot the dimensionless water depth, h/H, as a function of di- 
mensionless time, ig"? / H*. for each of the four sets of data. Based on your results, com- 


ment on the importance of density and viscosity for your experiment and on the usefulness 
of dimensional analysis. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 7.82: Flow from a Tank 


H for big tank, in. Н for small tank, in. 
16.0 8.0 


h, in. 


Big Tank with T = 57 deg C 


Small Tank with T = 57 deg C 
0.0 
3.1 
9.5 
18.2 
30.1 
414 


Small Tank with T = 20 deg C 


"1-84 


tg" ?/H"? 


0.0 
452 
98.3 
166.1 

280.1 


0.0 


h/H 


1.000 
0.750 
0.500 
0.250 
0.000 


1.000 
0.750 
0.500 
0.250 
0.000 


1.000 
0.875 
0.625 
0.375 
0.125 
0.000 


Problem 7.82 
Water depth, h, vs time, t 


—e— Big tank, T = 57 deg C | | 


= Big tank, Т = 20 degC 
| 
—£&— Small tank, T = 57 deg C 
X Small tank, T = 20 deg C 


Problem 7.82 
Dimensionless Depth, h/H, 
vs 
Dimensionless Time, t*(g/H)*0.5 


—— Big tank, T = 57 deg C 
ш Big tank, Т = 20 deg С 
— &— Small tank, T = 57 deg C 
X Small tank, T = 20 deg C 


t'(g/H)^0.5 
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7.83 Vortex Shedding from a Circular Cylinder 


Objective: Under certain conditions, the flow of fluid past a circular cylinder will pro- 
duce a Karman vortex street behind the cylinder. As shown in Fig. P7.83, this vortex street 
consists of a set of vortices (swirls) that are shed alternately from opposite sides of the cylin- 
der and then swept downstream with the fluid. The purpose of this experiment is to deter- 
mine the shedding frequency, « cycles (vortices) per second, of these vortices as a function 
of the Reynolds number, Re, and to compare the measured results with published data. 


Equipment: Water channel with an adjustable flowrate; flow meter; set of four different 
diameter cylinders; dye injection system; stopwatch. 


Experimental Procedure: Insert a cylinder of diameter D into the holder on the bot- 
tom of the water channel. Adjust the control valve and the downstream gate on the channel 
to produce the desired flowrate, Q, and velocity, V Make sure that the flow-straightening 
screens (not shown in the figure) are in place to reduce unwanted turbulence in the flowing 
water. Measure the width, b, of the channel and the depth, y, of the water in the channel so 
that the water velocity in the channel, V — Q/(by), can be determined. Carefully adjust the 
control valve on the dye injection system to inject a thin stream of dye slightly upstream of 
the cylinder. By viewing down onto the top of the water channel, observe the vortex shed- 
ding and measure the time, 7, that it takes for N vortices to be shed from the cylinder. For a 
given velocity, repeat the experiment for different diameter cylinders. Repeat the experiment 
using different velocities. Measure the water temperature so that the viscosity can be looked 
up in Table B.1. 


Calculations: For each of your data sets calculate the vortex shedding frequency, 
w = N/t, which is expressed as vortices (or cycles) per second. Also calculate the dimen- 
sionless frequency called the Strouhl number, St = wD/V, and the Reynolds number, 
Re = pVD/p. 


Graph: Оп a single graph, plot the vortex shedding frequency, w, as ordinates and the 
water velocity, V, as abscissas for each of the four cylinders you tested. On another graph, 
plot the Swouhl number as ordinates and the Reynolds number as abscissas for each of the 
four sets of data. 


Dye injection 


Cylinder 


Karman vortex street 


Side view Top view 


Ш FIGURE P7.83 


7.83 (cont) 


Results: On your Strouhl number verses Reynolds number graph, plot the results taken 
from the literature and shown in the following table. 


St Re 
0 «50 
0.16 100 
0.18 150 
0.19 200 
0.20 300 
0.21 400 
0.21 600 


0.21 800 


Data: То proceed, print this page for reference when you work the problem and c/ic& here 
to bring up an EXCEL page with the data for this problem. 


Solution for Problem 7.83: Vortex Shedding from a Circular Cylinder 


T,degF Ы, & 
70 0.50 
Data from Literature 
| Q, 3/5  yft D, ft N ts о, cycles/s М, ft/s Re St Re St 
0.036 0.82 0.0202 100 13.2 0.758 0.0878 169 0.174 50 0.00 
0.036 0.82 0.0314 10.0 19.9 0.503 0.0878 263 0.180 100 0.16 
0.036 0.82 0.0421 10.0 24.5 0.408 0.0878 352 0.196 150 0.18 
0.036 0.82 0.0518 10.0 30.1 0.332 0.0878 433 0.196 200 0.19 
300 0.20 
400 0.21 
0.062 0.79 0.0202 10.0 6.3 1.587 0.1570 302 0.204 600 0.21 
0.062 0.79 0.0314 10.0 96 1.042 0.1570 469 0.208 800 0.21 


0.062 0.79 0.0421 10.0 12.5 0.800 0.1570 629 0.215 
0.062 079 00518 10.0 15.1 0.662 0.1570 774 0.219 


0.029 086 00202 100 19.2 0.521 0.0674 130 0.156 
0.029 0.86 0.0314 100 28.2 0.355 0.0674 202 0.165 
0.029 0.86 0.0421 10.0 33.1 0.302 0.0674 270 0.189 
0.029 0.86 0.0518 100 36.7 0.272 0.0674 333 0.209 


0.018 0.92 0.0202 10.0 31.2 0.321 0.0391 75 0.165 
0.018 0.92 0.0314 10.0 41.3 0.242 0.0391 117 0.194 
0.018 0.92 0.0421 10.0 52.2 0.192 0.0391 157 0.206 
0.018 0.92 0.0518 100 65.3 0.153 0.0391 193 0.203 


о = Nit 
V = Q/(by) 


St = oD/V and Re = DV/v, where 


у = 1.052E-5 ft^2/s 


(cont) 
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Problem 7.83 
Shedding Frequency, o, vs Velocity, V 


—€— D = 0.0202 ft 


—W— D = 0.0314 ft 
—@— D = 0.0421 ft 


—X-— D = 0.0518 ft 


0.10 
V, fUs 


Problem 7.93 
Strouhl Number, St, 
vs 
Reynolds Number, Re 


Ф Experimental 


—8— Data from literature 
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7.84 Head Loss across a Valve 


Objective: А valve in a pipeline like that shown in Fig. P7.84 acts like a variable resis- 
tor in an electrical circuit. The amount of resistance or head loss across a valve depends on 
the amount that the valve is open. The purpose of this experiment is to determine the head 
loss characteristics of a valve by measuring the pressure drop, Ap, across the valve as a func- 
tion of flowrate, Q, and to learn how dimensional analysis can be of use in situations such 
as this. 


Equipment:  Airsupply with flow meter; valve connected to a pipe; manometer connected 
to a static pressure tap upstream of the valve; barometer; thermometer. 


Experimental Procedure: Measure the pipe diameter, D. Record the barometer read- 
ing, Ham in inches of mercury and the air temperature, Т, so that the air density can be cal- 
culated by use of the perfect gas law. Completely close the valve and then open it N turns 
from its closed position. Adjust the air supply to provide the desired flowrate, Q, of air through 
the valve. Record the manometer reading, h, so that the pressure drop, Ap, across the valve 
can be determined. Repeat the measurements for various flowrates. Repeat the experiment 
for various valve settings, N, ranging from barely open to wide open. 


Calculations: For each data set calculate the average velocity in the pipe, V = Q/A, where 
A = mD?/4 is the pipe area. Also calculate the pressure drop across the valve, Ap = Уһ, 
where Ym is the specific weight of the manometer fluid. For each data set also calculate the 
loss coefficient, Кү, where the head loss is given by А; = Ap/y = Ку V?/2g and y is the 
specific weight of the flowing air. 


Graph: Ona single graph, plot the pressure drop, Ap, as ordinates and the flowrate, О, 
as abscissas for each of the valve settings, N, tested. 


Results: Оп another graph, plot the loss coefficient, KL, as a function of valve setting, №, 
for all of the data sets. 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Free jet й FIGURE P7.84 
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Solution for Problem 7.84: Head Loss across a Valve 


D, in. Hatm: in. Hg T, degF 
0.81 28.7 70 
h, in. Q, ft^3/s Ap, lb/ft^2 
N = 2 Turns Open Data 
9.20 0.235 47.8 
6.50 0.195 33.8 
5.04 0.169 262 
М = 3 Turns Open Data 
9.40 0.479 48.9 
6.33 0.386 32.9 
5.01 0.341 26.1 
3.62 0.289 18.8 
1.92 0.214 10.0 
N = 4 Turns Open Data 
9.35 0.827 48.6 
7.65 0.767 39.8 
6.01 0.691 31.3 
4.32 0.578 2215 
3.24 0.504 16.8 
2.62 0.456 13.6 
1:85 0.391 9.6 
0.98 0.283 5.1 
N = 5 Turns Open Data 
3.03 0.897 15.8 
237 0.799 12.3 
1.79 0.701 9.3 
1.39 0.618 7522 
0.97 0.517 5.0 
0.64 0.426 3.3 
Ар = үнго*ћ 


К, = Ар/(р\//2) where 
V = Q/A = Q/(*D/4) 
and 

р = Pam/RT where 


"Рат = Үн Нат = 847 Ib/ft^3*(28.7/12 ft) = 2026 Ib/ft^2 


R = 1716 ft Ib/slug deg R 
Т = 70 + 460 = 530deg К 


Thus, р = 0.00223 slug/ft^3 


(cont) 
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V, ft/s 


65.7 
54.5 
47.2 


133.9 
107.9 
95.3 
80.8 
59.8 


231.1 
214.3 
193.1 
161.5 
140.8 
127.4 
109.3 
79.1 


250.7 
223.3 
195.9 
172.7 
144.5 
119.0 


AHA AHAHAAA WW WW Оз 


о о) ол с єл Oc 


к. 


9.95 
10.21 
10.54 


2.45 
2.54 
2.57 
2.59 
2.50 


0.816 
0.777 
0.752 
0.772 
0.762 
0.752 
0.723 
0.731 


0.225 
0.222 
0.218 
0.217 
0.217 
0.211 


Problem 7.84 


Pressure Drop, Ap, vs Flowrate, Q 


e —@-N=2 
= —ж— № = 3 
a 
=. —&—N-4 
a 
< —e—N-5 


0 0.2 0.4 0.6 0.8 1 
Q, ft^3/s 


Problem 7.84 
Loss Coefficient, К,, 
vs 
Number of Turns Open, N 
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7.95 Calibration of a Rotameter 


Objective: The flowrate, Q, through a rotameter can be determined from the scale read- 
ing, SR, which indicates the vertical position of the float within the tapered tube of the ro- 
tameter as shown in Fig. P7.85. Clearly, for a given scale reading, the flowrate depends on 
the density of the flowing fluid. The purpose of this experiment is to calibrate a rotameter 
so that it can be used for both water and air. 


Equipment:  Rotameter, air supply with a calibrated flow meter, water supply, weighing 
scale, stop watch, thermometer, barometer. 


Experimental Procedure: Connect the rotameter to the water supply and adjust the 
flowrate, Q, to the desired value. Record the scale reading, SR, on the rotameter and mea- 
sure the flowrate by collecting a given weight, W, of water that passes through the rotame- 
ter in a given time, f. Repeat for several flow rates. 

Connect the rotameter to the air supply and adjust the flowrate to the desired value as 
indicated by the flow meter. Record the scale reading on the rotameter. Repeat for several 
flowrates. Record the barometer reading, Ham, in inches of mercury and the air temperature, 
T, so that the air density can be calculated by use of the perfect gas law. 


Calculations: For the water portion of the experiment, use the weight, W, and time, г, 
data to determine the volumetric flowrate, О = W/yt. The equilibrium position of the float 
is a result of a balance between the fluid drag force on the float, the weight of the float, and 
the buoyant force on the float. Thus, a typical dimensionless flowrate can be written as 
Q/(d(p/V ap; = p))!?], where d is the diameter of the float, V is the volume of the float, g 
is the acceleration of gravity, p is the fluid density, and р, is the float density. Determine this 
dimensionless flowrate for each condition tested. 


Graph: On a single graph, plot the flowrate, О, as ordinates and scale reading, SR, as ab- 
scissas for both the water and air data. 


Results: On another graph, plot the dimensionless flowrate as a function of scale reading 
for both the water and air data. Note that the scale reading is a percent of full scale and, 
hence, is a dimensionless quantity. Based on your results, comment on the usefulness of di- 
mensional analysis. 


Data: То proceed, print this page for reference when you work the problem and click леле 
to bring up an EXCEL page with the data for this problem. 


Scale 
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7.85 (Cont) 


Solution for Problem 7.85: Calibration of a Rotameter 


din. V.in.^3 ри, slug/ft^3 Ham, in. Т, deg F 


1.40 1.50 15.1 29.05 78 
Air Flow Data ' 
SR Q, ft^3/s (Q/d)[p/(Va(prp)))1/2 
14.6 0.229 0.142 
21.5 0.321 0.200 
28.1 0.413 0.257 
33.6 0.491 0.305 
39.2 0.564 0.351 
44.8 0.644 0.400 
502 0.714 0.444 
55.9 0.798 0.496 
63.1 0.888 0.552 
68.6 0.973 0.605 
7315 1.05 0.653 
76.2 1.08 0.671 
Water Flow Data 

SR W, Ib ts Q, ft^3/s (Q/d)[p/(Vg(prp))]1/2 
13.1 6.52 19.9 0.0053 0.103 
18.5 8.01 EII 0.0073 0.143 
242 7.02 10.4 0.0108 0.213 
28:2 7.81 10.1 0.0124 0.244 
ITA 8.20 8.4 0.0156 0.308 
45.7 9.21 WD 0.0197 0.387 
526 8.19 5.7 0.0230 0.453 


р = Pam/ RT where 
Рат = Yug Harm = 847 Ib/ft*3*(29 05/12 ft) = 2050 Ib/ft^2 
R = 1716 ft Ib/slug deg К 
T = 78 + 460 = 538 deg К 


Thus, p = 0.00222 slug/ft^3 


(Cont) 


Problem 7.85 


Flowrate, Q, vs Scale Reading, SR 


Problem 7.85 
Dimensionless Flowrate vs Scale Reading 
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8.2 Water flows through а 50-ft pipe with a 0.5-in. diameter at 
5 gal/min. What fraction of this pipe can be considered an entrance 
region? 


Based on Tables 1.3 g 1.4 
S 29), = {.11к107^ 2+6 


Determine Ke " 
Tl 707 


г © 


A = 
Re = VB. E 2£ ا‎ = 2.#1хо* 
. X 


For turbulent Flow 
© La ffe) 


[с (9555) 4.4 (2. Ў#!х/0°*) А 
Pe = 1.0 fe 


8.5 Rainwater runoff from a parking lot flows through 
a 3-ft-diameter pipe, БУ не ey filling it. Whether flow in 
a pipe is laminar or turbulent depends on the value of the 
Reynolds number. (See Video V8.2) Would you expect the 
flow to be laminar or turbulent? Support your answer with 
appropriate calculations. 


Re = prs. = yp If Re > #000 the flow is turbulent, The 


corresponding velocity is. 
(4000)(1. 21x10 £r ) = б 0/61 tt 
7 afi DES Е 


Most likely the velocity will be greater than this, ге, turbulent flow. 


V= Rev = 


8.4 Blue/and yellow streams of paint at 60 °Р (each with a den- 
sity of L6slugs/f and a viscosity 1000 times greater than water) 
enter a pipe with an average velocity of 4 ft/s as shown in Fig. Splitter 
P8.4. Would you expect the paint to exit the pipe as green paintor | 
separate streams of blue and yellow paint? Explain. Repeat the 
problem if the paint were “thinned” so that it is only 10 times 
more viscous than water. Assume the density remains the same. 
FIGURE P8.4 


If the flow is laminar the paint would exit as separate bve and 


yellow streams. Р 
рур evo _ „6 BE (#®)( Ен) 
Reo = 1000/4490 [000 (2.3¢x/0"* Us) 
Thus, laminar flow so blve and yellow streams, 


If use 4 = 1000 obtain 


Re = 2.560 > 44000 so have turbulent flow with natural mixing and 
green paint. 
Note : Check to determine if the 25 ff length js greater than the 
entrance length ر‎ 
For laminar Slow 2 =0,08 fle, ог 4 =0.06 (45.6)(% H) =0.456 fl «2sfi 


For turbulent flow k =44 Re% or b = £4 (4560) (E Й) - 2.99 fi «25fl 


1 


= 45,6 > 0 


8.5 Airat200 ?F flows at standard atmospheric pressure in a pipe 
at a rate of 0.08 ib/s. Determine the minimum diameter allowed if 
the flow is to be laminar. 


А VD. 
Maximum Re m for jer flow is Re =2100. 
or with 
| eo) _ 


E 
Hence, | 
LES 2/0074 D 
ы, 4 e 
Given 09 = 0.08 È Р where ð =ge and е x 


Thos, , k) 
147 xig а 
e=- = = 0. БЫ 
(1716 FEB, )(#60+200)'R 00/87 “тй 


50 that Ib 


Q- 0.08 = / 33 Ё 
(32.2 £) (0.00187 S PO 


; Hence, with Vols 4,49 Х/О P © j (хее Table 8, 3), Eq. (1) gives 


йе yeg _ (0.00107 E (1:33 2) 
© 20/0074 ~ 21007 (099 107 BE) = 3.36 fl 


8.6 To cool a given room it is necessary to supply 4 (0/5 of air 
through an 8-in.-diameter pipe. Approximately how long is the en- 
trance length in this pipe? 


ue e =/.5Ё Thus, with у={57у0*Ё (see Table 1.6) 
$ (%н) 


D. LESER = 48800 >#000 so the flow is turbulent. 


< 


Le g4 Re“, or he 44 (48800) (E) = /7,7 fl 


ps 


8.7 A long small-diameter tube is to be used as a viscometer by 
measuring the flowrate through the tube as a function of the pres- 
sure drop along the tube. The calibration constant, K — Q/Ap, is 


calculated by assuming the flow is laminar. For tubes of diameter 
0.5, 1.0, and.2.0 mm, determine the maximum flowrate allowed 
(in cm?/s) if the fluid is (a) 20 °C water, or (b) standard air. 


prap i Azo. 
КАШУ: 5р meatu 


` Re= JP where Q = МА = Дру 


Thug 4QD Q TDvR 
"PER. e 
Де = "Dy = TOY » or Q = or^ xd 


Maximum Q occurs with maximum Re for laminar flow * Re = 2100 
Thus , бы, = 165000 


а) For 20°C water V= 1.006 x/0° Л ; 
- 2 - z 
Hence, Quay = 1650 (1.000 KIT% ) р = 1.66 x07 D Æ wilh Dm 


A 
b) For standard air V= /.#&х 0° 2 
= = 3 
Hence, Omax = 1650 (14х10 ED -2,2/xi0 ^D © with Dem 


Thus, the following valves ara obtained 
D, m 


(a) waler 0.0005 
0. 0010 
0. 0020 


8.30x,07 
166X106 
3,32 K ]07° 
„2{х1075 
2.41K/0 * 
4,82 X5 


(barn 0,0005 
0,00] 
0.002. 


Note: | ст? = 10 5m? 


8.8 Carbon dioxide at 20 °C and a pressure 
of 550 kPa (abs) flows in a pipe at a rate of 0.04 
N/s. Determine the maximum diameter allowed 

if the flow is to be turbulent. 


For turbulent flow, Re = evo > #000 where Q-VA- ZU V 


ч Be = Л 4D . £28 . 4000 
Thus, 


“THO — mao 


D= ууш, where gp =006 and ps1 х/б°- (Table 1.8) 


Hence, у | 
[у= ete )(#в1 Ж) TT 


4000 T (|,u7 xo tg) 


x (m) (+0.01 m) P (mm H,O) (+5 mm) 
8.9 me pressure distribution measured along Q (tank exit) 520 
a straight, horizontal portion of a 50-mm-diam- i 427 
eter pipe attached to a tank is shown in the table А 351 
below. Approximately how long is the entrance 1 288 
length? In the fully developed portion of the flow. | 236 
what is the value of the wall shear stress? 


5.0 0 (pipe exit) 


The. entrance length extends to the fully developed portion іл 
which e =constant. Approximate £ 2s of to obtain the following: 


From X= lo x =( m | ép, mm HO $e азд 


Within the error оп бр, the pressure gradient is constant 
for X23,m Thus, Ё ғ 3m. 


For x>3m, SP = 72 emt Since | my йо * yo î m (28007) 


= 9908 then 
F- =, тей pom 
mm [io 


Since 2р = 2 il follows that 


га af z Je 020” (70425) = @, ёз 


8.10 (See Fluids in the News article titled “Nanoscale flows," Sec- 
tion 8.1.1.) (a) Water flows in a tube that has a diameter of 
D = 0.1 m. Détermine the Reynolds number if the average veloc- 
ity is 10 diameters per second. (b) Repeat the calculations if the 
tube із a nanoscale tube with a diameter of D = 100 nm. 

S 


(а) Re = үр where О =01т, V=10(0.1m)/s = lF, and V= LI2xI0* s 


Thus, 
быз (1 2) (0.1m) 


La2xp inh 7 pe 


_ Ид -7 p " 
(Ы) Re = 52, where = 109 пт (H) = 10 m V=10(10 m)/s - 1052 


J 
and 7/=//2ху0 2 
Thus 
we 
^ (16 2) (1070 
TA jo * тт 


= 8.43x 10 ? 


8.12 For fully developed laminar pipe flow in a circular pipe, the 
velocity profile is given by u(r) = 2 (1 — r/R?) in m/s, where R 
is the inner radius of the pipe. Assuming that the pipe diameter is 
4 cm, find the maximum and average velocities in the pipe as well 
as the volume flow rate. 


ute) = Rll- n) 


Based on Ёд. (2.7), 
Maximum velocity n X 2. "7/5 


We Could also use the fact that the maximum 
Velocity occurs at the cenkriine of the pipe, ГО 


uto) = 2(1— Yar) = ams 


Average velocity, v 
V= Ve/g2 Д/д = | "h 


~~ 


Volume How pate, Q 
Q = VA = (1) 004) = /.26 х 1073 "5 


n PÓ€ a‏ نے 


§-/O 


8.15 The wall shear stress in a fully developed 
flow portion of a 12-in.-diameter pipe carrving 
water is 1.85 lb/ft. Determine the pressure gra- 
dient, dp/dx, where x is in the flow direction, if 
the pipe is (a) horizontal, (b) vertical with flow 
up, or (c) vertical with flow down. 


In general, 2р - TE sine = 2T 


Thu, with T-T are and Meca йа ат 
2р — == if = Ў sip0 


a) For a horizontal pipe 0-0 


де -- Hh, #@85Ы) __ 
д D | ff 


b) For vertical flow up Ө = 90° 


2g -- Jb 


ox =e > Ore: =~-67.8 

and 

с) For vertical flow down Ө =-90° 
0 =- er = _ 40-85 fh) 


| ft 


&- di 


8.14 Тһе pressure drop needed to force water 
through a horizontal 1-in.-diameter pipe is 0.60 
psi for every 12-ft length of pipe. Determine the 
shearstresson the pipe wall. Determine the shear 
stress at distances 0.3 and 0.5 in. away from the 
pipe wall. 


For a horizontal pipe £ = ZE or 


Е 
Thus, " 
(0.6 X44 тт.) 


Ter 2(12. H) = з.6 FÊ , where r^f 
Hence, 
T = 3.6 (28 = 0./5 2 
Е with г = (0.5 70.3) in. = 02 in., 


T = 3.6 ) 9.) = 0.06 тр 0.06 f 


Finally, with r=(0.5-O5)in. От Т =0 


8.15 Repeat Problem 8.14 if the pipe is on a 20° hill. Is the flow 
up or down the hill? Explain. 


For a pipe on a hill SF = 2r + 976, where Ө= * 20* 
Assume the flow i's uphill : Ө= * 20* usd 
„Ô Xx 2. 
Pu T= HF - 3 sino] or 1, = 4 (32 деге - 62. vl siad] 
d = — 0,295 La Since we must ee =й, the tlow must not 


be uph A 
Assume the flow is down hill: - - 


ا 
Thus, = rales -2'sin6] ог e qp +62. ЖЛ‏ 
tp, j where r~ ff. The‏ عد b = /4 3r‏ 

Hence, with r= 2 flow is downhill 


Ty = 143) 95) = 0.596 E 


With r= м -o3)i. = 0.2 in., 


T=143( 92) = о, 239 $ 


With r=(05-05)in. =0 , T = 0 
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8.16 Water flows in a constant diameter pipe 
with the following conditions measured: At sec- 


tion (a) p, — 32.4 psi and z, — 56.8 ft; at section Cb) 
(b) p, = 29.7 psi and z, = 68.2 ft. Is the flow 
from (a) to (b) or from (b) to (a)? Explain. 


(а) 


Assume the flow is phil. Thus, e +z, = B+ Miz, sp 
or with Va =, 


(32.4 psi -2Q 7psi ha 
h= й iz, --% -2 = P ж. Л, PH) ccofl-sg2H 
U #8 


or 
h, =-5.17 ff <0, which is impossible. Thus, the flow is downhill, from (b) tola). 


*8.17 Some fluids behave as a non-Newtonian power-law fluid (b) Plot the dimensionless velocity profile u/V,, where V, is the 
characterized by т = —C(du/dr)", where n = 1, 3, 5, and зо centerline velocity (at г = 0), as a function of the dimension- 
on, and C is a constant. (If n = 1, the fluid is the customary less radial coordinate r/(D/2), where D is the pipe diameter. 
Newtonian fluid.) (a) For flow in a round pipe of a diameter D, Consider values of n = 1,3, 5, and 7. 

integrate the force balance equation (Eq. 8.3) to obtain the ve- 


locity profile 


-n ( Ap s | —" (^ 
= г sali 
(n + 1)\2€C 2 


For any fluid уе so that А ш we obtain 
4 
fe -2£ (du or dr du. ae г 


or 
*j du ШЕ; ў r*dr De integrates to give 
(ze fy r” pen ) 4 C, , where C, is a constant. 


Тре fluid sticks’to the pipe so that U=0 at r^ 2 
pue from a А Шр 


T - (8) mo (ey 
pq] 


(а) 


p 


u = ma (A) 


* Mote : Since we are considerin y odd integer valves for 


n we си use the fact that 
1 
(42) = ر‎ wis K>o then di =- k^ 
so thal 4 T< 
(b) From portia): 
ГД (2:2) 
utr) = ges (zd) e 8) | T 
let V. = u(r-o), ca GL 
Note: For T= e, w ^ Ё «O and Л an И integer , to have 
Т =O, wemust have d Thus, from Eg.(2), VY, >o аз it must. 


By dividing Eq. (2) by Eq, (3) we obtain 
(con't) 
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This resvll is "plotted below for п =1,3, 5, and7, with O= 


a 
An EXCEL program was vsed to do the calculations and plotting. 


n=1 n= 3 
r/(D/2) uM. 
0 1 

0.05 0.998 
0.1 0.990 
0.15 0.978 
0.2 0.960 
0.25 0.938 
0.3 0.910 
0.35 0.878 
0.4 0.840 
0.45 0.798 
0.5 0.750 
0.55 0.698 
0.6 0.640 
0.65 0.578 
0.7 0.510 
0:75 0.438 
0.8 0.360 
0.85 0.278 
0.9 0.190 
0.95 0.097 
1 0.000 


8.18 For laminar flow in a round pipe of di- 
ameter D. at what distance from the centerline 
is the actual velocity equal to the average ve- 
locity? 


For laminar flow 
u= ee] 


2 
Thus, if а= &= Al -@) | nm = a -0354D 


8-/6 


8.19 Water at 20 °C flows through a horizon- 
tal I-mm-diameter tube to which are attached two 
pressure taps a distance 1 m apart. (a) What is 
the maximum pressure drop allowed if the flow pad ü m 


is to be laminar? (b) Assume the manufacturing (1) (2) 
tolerance on the tube diameter is D = 1.0 + 0.1 ee у=“ 
mm. Given this uncertainty in the tube diameter. Жаш. f= / т ابس‎ 
what is the maximum pressure drop allowed if it " -6 м 
must be assured that the flow is laminar? From Table 8.2 V Я 
= 0 — 
m 
a) Maximum ap corresponds to maximum V, or 
Де = Ур = 2100 2 
-6 m 
Thus. y= 21007 = 2100(110°5) _ „т 
Я р 197 т "os 
For laminar flow 


_ 49 DT _ 324 hy _ 32 (1/63 FA) (Im) (2.102) 
V= 3242 s Or Ap- D* = ашыш сс a mame 
Thus (10?m) 


др = 6.72 х/0° № 


у= 21522 and ap = EEE il follows that 


Ap = жанмын Thus, the larger the diameter, the 
smaller the ap allowed to maintain laminar flow 
Thus, consider D= l.I mm = 4 xli! m, or 


_ 32 (1x10? к ) (Im (2100) (1x) 6 6) 
(11x]0 7m)? 


b) Since 


= 65,05 xjof D, 


8.20 Glycerin at 20 °C flows upward in a ver- 
tical 75-mm-diameter pipe with a centerline ve- 
locity of 1.0 m/s. Determine the head loss and 
pressure drop in a 10-m length of the pipe. 


vmm 
P= /260 ms 
д=/.50 F3 
For laminar flow in a pipe, 
V= average velocity = qx = #(1#)= 0.5 Z , 
Thus, k 
]26074)(0.5'2) (0.075 
Re = 2 =! ue OSE .. 9152/00 
ae 


The flow is laminar so that 


y= у аф where @=0° 


Thus, n бсо ЕЗ) 3 
[SO === 2 S 
Ap = ع‎ + 03 RU OST) + (481 53)(2 4094) (10m) 
= 466 x [05 4, "Ea Af = /66 kPa 
Also 


Р 2 үх 
PLZ, + = fe +2. +27 th, , 0^ with (=, ر‎ - 2 =, and 
f) =f. Ар this gives 


9h /.66х10% т 
ҺЕ 74 = EEO 5.) аа = 


ST 


8- [5 


8.21 Determine the magnitude of the velocity gradient at points 
10, 20, and 30 mm from the pipe wall for the flow in Problem 
8.20. 


For laminar flow in а round pipe 
u= li] 


ог, 2c 
Sh = - 2L (CENG) =- Ser 
Thus, D=0,075m 
du _ -e(ig)r 
2 


--/422r d, where rm 
D 
js 


-F = 0.0375-г 


y,m 


Ж 820 Glycerin at 20 °С flows upward in a vertical 75-mm-diameter 
pipe with a centerline velocity of 1.0 m/s. Determine the head loss 
and pressure drop in a 10-m length of the pipe. 


7-/1 


8.22 А large artery їп a person's body can be approximated by a 
tube of diameter 9 mm and length 0.35 m. Also assume that blood 
has a viscosity of approximately 4 х 107? N · s/m?, a specific grav- 
ity of 1.0, and that the pressure at the beginning of the artery is equiv- 
alent to 120 mm Hg. If the flow were steady (it is not) with V = 
0.2 m/s, determine the pressure at the end of the artery if it is ori- 
ented (a) vertically up (flow up) or (b) horizontal. 


¥=0.2£ 


ffe e en ЫЎ, where eet 
and 
A= m = /33 sh (0./20m) = 15.96 Hu 
Also, Re exe = (799. E 22 0:000” ) - 450«2/00. Thus the 
ИЕ x19? Ws 
flow is laminar so that Ў 


f 
2 = 0492 


Hence, from £e. (1), o fy Yi-2)-15 Зр“ 


ay For. flow vertically ор, 2-2,0 so that 
Af - v = ГЁ ze V? = /5.96 E - («ixi )(о.зѕт) 


- O. 3.5 m 1 k A 
0.142 соат G9 5800.28) 


or 
f= 15.96 4M - 3.43% - ООЁ = 12.42 kPa 


b) For horizontal flow Z,=E2 so that 
= kN 0,35 (t k 2 
fa 7 f =/5# 7 0192 PONE (2:)(9?975)(0.2.4) 
= 15.9648 - опо = 15.65 ЕД, 


Note the gravitational effects are considerably more important than 
viscous effects (3.43 kPa compared to Olloki). 


gO 


8.23 At time t = 0 the level of water in tank A shown in Fig. P8.23 
is 2 ft above that in tank P. Plot the elevation of the water in tank A 
as a function of time until the free surfaces in both tanks are at the 
same elevation. Assume quasisteady conditions—that is, Ше steady 
pipe flow equations are assumed valid at any time, even though the 
flowrate does change (slowly) in time. Neglect minor losses. Note: 
Verify and use the fact that the flow is laminar. 


2ftatr=0 


0.1-in. diameter, galvanized iron 
BFIGURE P8.23 


Air atr d by , where рро and Y= ram 


At t=0 , z;*0 and Zeh =2f . а dem s 
Because the tanks are the same diameter 
A,=42 and with 22=A2 у Я, = Io 7^ 


we obtain z, =h,-Z, Thus, £g. p "s 

=Z2 HEL Ака or 22, ~h =f% A ; @) 
d А, (- d) = Q = FD°V , where A= 20 with B. =34 = fank diameter 
Thus, Y= -( à. de 42, (з) 
The maximum Re = 2 oyp occurs when the head, 2,72, is greatest. 
From Eq.(2) (with 2,*ho 2. ho= Г} эде Vinax 
Assume laminar flow so thal {= sE T. f- spk (n 


Thus, from Eq (#) 


= file T 32,201 о _ (62.44%) оа (24) 
hy= dn i 22. ЫЫ y 4 zer Ке" 3221 = 32 (2.34. X0 S)(asfl) 


ft 
or 1.94 SIS (0,482 = 0,462 4 
R Emax a 2. ere " (бен) = 3/ 9<2/00 The fow remains laminar. 


Thus, Egs. (2) and (9) give 
22,-h,= $5 b iz = E or by using £9.03) 
2z-h = (9) E dE 
Let Fe = z,- fe so that gf = 48 and Eq. (5) becomes 


BY * (Zy 7 E ат 


(conl) 


g-al 


(con) | 
ог adr *F-0, where X= ША (boy 


Thus, m 
«(4 z -fat or aln Fam + C, where € =constant 
Hence, 


F=Ce ® Thoti is, 21-02. = cet with the initial condition 


z= No ЛЕ, ,or C= be 
Thus, PITE g C 


z, = Је] Note: As po, 2. —» ج‎ fe 
For the conditions given, h= 2 fl and "m 
ч J£ (2.39.16 zst) KI 
MEC UD. i)" 20 
Hence, 


É 
Z, = ] + e Genes) 


, where Z~ fl and t~s 


This result is plotted below. (Mole: Jin z,=/ ft) 


0.E+00 2.E*05 4.E*05 6.Е+05 8.E+05 1.E+06 


t, seconds 


-dA 


8.24 А fluid flows through a horizontal 0.1-in.-diameter 
pipe. When the Reynolds number is 1500, the head loss over a 
20-ft length of the pipe is 6.4 ft. Determine the fluid velocity. 


ү? " 
„={$ 29 , where since Re = /500<2/00 the flow 
js laminar. 
Thus, [*69/Re = 69/1500 = 0,0427 so that 


2 
бй ае AUS „_ К”... 
SOE OED улул ee ES 
or 
V= 2.01 


n 


8.25 A viscous fluid flows in a 0.10-m-diameter pipe such that 
its velocity measured 0.012 m away from the pipe wall is 
0.8 m/s. If the flow is laminar, determine the centerline veloc- 
ity and the flowrate. 


For laminar flow in a pipe 


utr)- AL -(2£) ] А where О = 0.1 т and И= 0.82 of 


Thus r= 21" — 0. о2т = 0.038m 
н 2 (0.038m) Y- 

oe 2 -V[i- EES) or Y= 180 

So that 


x B 3 
Q = 20у = ED’ (osQ)- Flom} (0.5)(1.89-2) = 742x10 
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8.26 Oil flows through the horizontal pipe 
shown іп Fig. P8.20 under laminar conditions. All 
sections are the same diameter except one. Which 
section of the pipe (А, B, C. D, or E) is slightly 
smaller diameter than the others? Explain. 


(5) 
(6) 
(7) 
(8) 


20 foot 
sections 


FIGURE P8.2G 


4 
For laminar flow in a horizontal pipe Q- 3222 2f. | where 


@ = Qs = Qe = @ = Qe . Thus аР ~ 7+ The smallest 


diameter pipe has the larges! ^f^, where ap = #ћ | с | 


Let a= Pe › вер. , ete. _ —у у 
Hence, from the data in the figure for the section between (1) and (2): 
М Ib 
5а+5Ь= 0 (5250 , where а and b ~ fè and eB . cn 
Similarly, from (2) tol3) 
(Shs loce ү ES (2) 


3 


from (3) to(¥) (46-39) 
loc +6 d=% — T7, 
and from (4) tols) — 
144 +15е = y (#) 
Eqs. (1) through (4) can be written as 
a +t b = 0.06678 
,5Ь+ с = 0. 0833 ў From the problem statement, 4 pipes are 


с+064= 0. 05838 the same diameter, one is smaller diameter: 
4+1071е = 0.07761 Thus, 4 of the 5 variables (a, b, c, d, e) should 
be equal, one larger than the others. 


Assume a>b=c=d=e From Ед. (6) 15b +b= 0.00338 or b=0.03338 
but from Eq. (7), b +0.6Ь =0.0583Y or b= 0.03644 
which is пої the same as that from Eq.cQ). 


Assuming b> 4=c=d=e , or c>a=b=d=e , or e»azb-c-d lead to 

similar inconsistencies. However, if we assume d> a-b-c-€ we obtain 

from Eq (5): а= 0. 0333% ; from £9.(6): the same valve of a; from Eq, (7): 
d = 0.04178 i the same valve of d from Eq. (8). 


(conl) 
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Thus, a= b=c =e and d>a. That is, the small pipe is pipe D. 
Note : This result can also be obtained as follows. From the 
given data the pressure gradient (average) between piezometer 


tube locations js as shown below. | 
= ОЗЕ „ 0.409 8B. 


10 
dh _ 
ax ? 0.400 


dh = 0.438 


Given that all section have the same diameter excep! for one, 
if follows (based on the different Ф valves) that the diameter of 
section D is less than that of the others. 


8.2] Asphalt at 120 °F, considered to be a 
Newtonian fluid with a viscosity 80,000 times that 
of water anda specific gravity of 1.09, flows through 
a pipe of diameter 2.0 in. If the pressure gradient 
is 1.6 psi/ft determine the flowrate assuming the 
pipe is (а) horizontal; (b) vertical with flow up. 


If the flow is laminar, then Q ae 


where Û = S6 My oo .09(62.41,) = 68.0 


and -5 lbs Ib-s 


к 80,0004, = 8х/0*(/./&#к]о TES ) =0.93/ Tdi 
а) For horizontal flow, 0-0 

Thus, from Eq.CI) 

Q Е. ОРТ 81608 _ aor 

128 (0.93! Ba) (If) B » 

b) For vertical flow up, 6 «90 

Thus, from Eg. | ‚ 

@» m (56 KIL H- ce (1) (& 9) =й va iE 

` 128(0.931 FE) (f) gc ee ХА 


‘Note: We must check lo see if ow assumption of laminar flow is correct. 


Since \= + = see = 0,215 if il Follows that 
4 RE) | 


Re= ©} „ 10909 Mons (Н) „се ezi00 


$ 


The flow is laminar. 
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8.28 
107 * m?/s flows through the vertical pipe shown in Fig. P8.28 
at a rate of 4 X 107 * m?/s. Detennine the manometer reading, 
h. 


Oil of SG = 0.87 and akinematic viscosity v = 2.2 X 


} e4 
FIGURE P8.23 


m? 
= 127 4 "ec SO that 


(1.272) (0.02m) 
Re = ee = Уу? ы NEXITIS = 115 < 2/00 


The flow is laminar with 
_ 7lapt Y£)D* daaa a ВЕНЕ + 

Оаа аар %= EE 0) 

Hence, with ¥= 56 б = 0.87(4.81 54) = 8.53 $5 kN апа 


B= Vp = V SE p, o= 2102) (0,87X1000 74) = 0.11 {ы 


Eq, 0) gives 


A EA 3 
_ 128 (0.191 ES) (4m) (4x0 F) 
ur ad 7 (0.020m)* 


ur atat = = 43,7 kil - 


-(8.53 $K) (+m )(10 dp 


From manometer considerations 

f, * Eh +0, = Pa , where фр = 56 бо = 13(481 Из )=/2 .7 پل‎ 
Flos, and h,=h- hU, or hth = h+k 

fi fs = ^f z-Y (hath) + Ûy, = Gn, - Oh- FL (3) 
t او‎ (2and (3) to give 

43,7 KK ке = (12.74 - 8. 53 M (и.а EK (4 m) 


or 
h= 18.5 т 
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8.29 Determine the manometer reading, Л, for Problem 828 
if the flow is up rather than down the pipe. Note: The manometer 
reading will be reversed. 
1 eaeám 


FIGURE P8.29 


- 4 n? 
x JO 
y. 9 Yer cir so that 


7 VD _ VD _ (127 2)(0.02т) _ 
Re e y "22x65 7 115 <2/00 


The flow is laminor with 
Q= 220—090, or Af Fp -p= neag aah 


Hence, with Y- S6 ёо = 0.87(28! me М.) = 8.53 EA qnd 
= VP = 56 = = (2.220 * 2”)(0,87\ 100042, 4) =0./91 5 


Eq.U) gives 


3 


N-S -4m 
ap = Ie (oust узан) +(8.5з ÉD (m (10g) 


Ap = 114х100. = 11.9 EE 


From manometer considerations 
f, < Fh +n 0 = fa, where Yn SG, po = 1310.81 4G )=/2. 74 КЇ 
and h, =Lth-h, or hath = +h 
Thus, 
fi fa p= sth) Yah = -lip 3h 128 
Combine Eqs. (2) and (3) to give 


111.9 E = (12.74 - 8.53) 5 kf +8. 53 E K бт) 
or 


h= -18.5m ird 


Note: Since h<o the manometer is displaced 
in the direction opposite that shown in the (s. 
original figure. 
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8.30 Aliquid with SG = 0.96, = 92 x 107^ №. s/m?, and va- | 
por pressure p, = 1.2 X 10* N/m'(abs) i is drawn into the syringe 

as is indicated in Fig. P8.30. What is the maximum flowrate if cav- 
itation is not to occur in the syringe? 


10-mm-diameter 


0.12 m 
0.25-mm-diameter 
0.10-m-long eedle 


Pam = 101 kPa (abs) 


BB FIGURE P8.30 
2 2 
4d ec дь + +2, +$ +2 kK) ‚ where 4= 101 ka, 2, =0, 


V =0 a = 042m. The maximum flowrate will occur when po, i 
the а allowed : ‘ft = fly = = 2x10 M N . 


Thos, Vi 
GI = P К us +2: Я (Ф +h, ieee TA 23 و‎ (1) 


where. = VA E (2 2 у= v( 023)» = 0.000625 V Thus, V0 
and £g. (t) pod 


(101x194. 2 x10") Ж 
0.96 (4.өох! $h) 
or 
122 = (267111) V? 


Assume (because of the small diameter) that the flow is laminar. 
Thus, f= = Si 


64 (азы M З 
“ 0999918) V (o. TAT 


М. from- E. (2) 


122 = (267 299 IY? or 122V=(65.7+V)V* 
Thus, 


2 


= 0.12m + ( PtP) + 0.5 +1) rg By 


0.25 xi Fm т 


(2) 


V^:65.7V-122 =0 , which has solvtions 
- 65.21 165.77 
V= SEETI Tt glaa = 1812, or 767252 (neglect the V«o 


roo 
Hence, 
Q-AY- 2 (0.26х10%) (1.812) = 9.89х10` ux 
na 
Check if laminar flow: 
Vb _ 0.96(9995%) (181 2) (o2 x10 3 
Ңе = ег е : =472<2/00 (laminar) 
-# Nes 
92х10 E 
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8.32 For oil (SG = 0.86, = 0.025 Ns/m?) flow of 0.3 m/s 
through a round pipe with diameter of 500 mm, determine the 
Reynoids number. Is the flow laminar or turbulent? 


SG = жо 50.96 
fou = O.86 (Pazo) = 0.86 (99) ES 959 Аз 
V= ©Д = 0-е (0.5) = /53 "fs 


0.095 


Based on the criterion that Бе < 2/00 
Pepresents laminar Flow, this Flow 
iS turbulent. 
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8.33 For air at a pressure of 200 kPa (abs) and temperature of 
15 °C,determine the maximum laminar volume flowrate for flow 
through a 2.0-cm-diameter tube. 


For laminar flow, the maximum fe value (S 2100 


To determine. air density, make use of ical ga laco 


P=p AT of pe FAT 


ay BODO? ہے‎ 
Рават) ^ 212 Yma 


Viscosity has little variabon with pressure , So it is 
Peasoxlde to assume the use of the standard value. 
for ait, fel. 79x 1075 


„зо (79407) _ _ му 
V= (2.92) (0.02) уе 


Maxi mum lamracr ү ol ume. flowrate 


oe VA = (0.78) (20 oai) 
Q= 240 "#5 
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8.34 Show that the power law approximation 
for the velocity profile in turbulent pipe flow (Eq. 
8.31) cannot be accurate at the centerline or at 
the pipe wall because the velocity gradients at 
these locations are not correct. Explain. 


H = – Me, but by symmetry il most 
r= 


(Eh) e zero. 
= 1-1 E pa since (472) «o for л>/ 
Physically, the velocity gradient must Бе fime. 
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5.25 As shown in Video V89 and Fig. P8.35 the velocity 
profile for laminar flow in a pipe is quite different from that for 
turbulent flow. With laminar flow the velocity profile is para- 
bolic; with turbulent flow at Re = 10,000 the velocity profile 
can be approximated by the power-law profile shown in the fig- r 
ure. (a) For laminar flow, determine at what radial loaction you & 
would place a Pitot tube if it is to measure the average veloc- 

ity in the pipe. (b) Repeat part (a) for turbulent flow with 
Re = 10,000. 


Turbulent with Re = 10,000 
pup, 5 = г |15 
и =| R| 


1:0 


Laminar with Re < 2100 
0.5 


m FIGURE P8.35 

For laminar or turbulent flow, 
Q=AV=TR "V = (иал = = (u(arrdr) av urdr 

a) Laminar flow: SF 2 
ieai еч -ar y$- | =7 
Thus, V=2 For u=V= E the egvalion for Wi /ves 
ee [ = (5), , ог (4) ye? Thus, F= 77 R= 07078 

b) Turbulent flow R " " 
mary = 27, (e[i- 8] dr = 2TR V. ffi- Е)| d(&) 

Ü 0 


Let y=1-(&) so that (E) =1-у and df) = -dy 
Thos, y=0 DFE 
TREY = 2n RV 21 yy (dy) = 2R AC "-y My 


= 2780. [$ - 1] = 2R Ve (3) 


or = 29 [А Fer u=Ve= 55. the equation for É gives 
Ys 
E 
{= [IR] or Enorme r= ozor 


$723 


8.36 Тһе kinetic energy coefficient, a, is de- 
fined in Eq. 5.86. Showthatits value for a power- 
law turbulent velocity profile (Eq. 8.31) is given 
by a = (n + 1y(2n + 1)/(4n'(a + 3)(2n + 3)]. 


c 
rin а э where V= average velocity, =R? 
ү 


= ki £1 From Example 8.4, V= TET J 
Thus, with ай = 27" dr n+!)(antl 


X= Ж, where Si diz ani -£ff "ndr * 2T R V (йй уду 
where йе, ys? a 
Let x=/ = that yer X i dy =-dx 


Nena, So yr y dy ре -X) dx die 


Thus, | 


fI- у]? бду = GS 


From Eqs. (0), (1), and @): 


к 27 R* И? ЕЛЕ = (n1) (ant? 
m. 2n* Ve | Т kp (0+320+3) 


(nti) (21) 


z 
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8.38 
smooth 8-in.-diameter pipe if the Reynolds number is 25,000. 


Determine the thickness of the viscous sublayer in a 


ds = эў ' di -(4 4g and Ty -u. Since Aff = -f4 ipV* 
we obtain т =f d u* a 


Thus, 
БИ БУВ „ ль SD А 
E S f l 
үу Wvo’ Rel 


From Fig. 8.20, for а smooth pipe with Де = 2,5 х10% [25.024 
Thus, from Ers /) 
518 En 
= —— 2000243 
ds 2,5х!0* lo ‚02.4 0.00243 Н 
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8.3] Water at 60 °F flows through a 6-in.-di- 
ameter pipe with an average velocity of 15 ft/s. 
Approximately what is the height of the largest 
roughness element allowed if this pipe is to be 
classified as smooth? 


Let h- roughness height. Thus, h=d,, where m = 


with ш C 226 and 7 = Dae Since др = f£ tev? ше obiain 


ъ= goe or U e V 
For a smooth pipe with Re- 3 ү? = ER =6./9X/0" we obtain 
from Fig, 8,20 rages 


Thos, y (0:025) (5$) = 0,593 Ё 


or g 
(= = 5% = MU £) = /02x/0 * f] 
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8.41 A person with no experience in fluid mechanics wants to esti- 
mate the friction factor for 1-in.-diameter galvaaized iron pipe at a 
Reynolds number of 8,000. They stumble across the simple equation 
of f — 64/Re and use this to calculate the friction factor. Explain the 
problem with this approach and estimate their error. 


For бе = 8000 wder standard Conditions, the 
pipe Flow will be turbulent. 


laminar‏ عر 


fre Ure = gooo ~ S4107 


f- {иси eart 


for galvinized iron Pipe, E = O. DOOS ft 
So, W= a и = 6x [073 


Making use of the Moody Chart 

Fe 0.04 

The error (S гл usin the Jam Ae Cgua fion 
to calculate the Picho factor løken the 

f low is turbulent. 


Factual " кт = of . © 


= 


E. ‚00 
Tania laminar 00 


That is, the friction factor is 5 time greater 
than if the flow were lamar. 
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8.42 Water flows through a horizontal plastic pipe with a diameter 


of 02 m at a velocity of 10 cm/s. Determine the pressure drop per 
meter of pipe using the Moody chart. 


The pressure drop in the pipe Can be found 


AP =f § AE 
The friction factor is determned from the 
Moody Chart. 

fe - LP . (992)(0.1) (0.8) ""-— 


Lita xo 

For plastic PPE: E *:Q.O m. 
A = O.0f -, 20.0 
From the Mocdy Chart 
f= 0.026 
So AP per meter (= 1) 

= PRONTA 
AP (о.оәв}( ata )[ PAN | 


AP = 0.649 Pa per meter 
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8.43 For Problem 8.42, calculate the power lost to the friction per 
meter of pipe. 


ДР = 0.649 Ра. per meter of pipe, V = 0,Im/s, D=0.2m 
Based on Gouahons in Ch.S, Power 

Can be Found From 

F=(APIA | 

A-VA =ô.) (€ (o.2Y) = 3.14770- Ж. 


931 


8.44 Oil (SG = 0.9), with a kinematic viscosity of 0.007 ft/s, flows 
in a 3-in.-diameter pipe at 0.01 ft?/s. Deteamine the head loss per unit 
length of this flow. 


РЕ ¥ where f= 1ft | 
for per unit length of pipe, 
Determine friction factor based on Зе. d {> 
Q=0.0| #6 = VA 
sø. a 1 
= VD. 0.20022). 2 7 14 
Ln O. 007 
адет. fie ів. belas 2100, e Flow tè laminar 
The fric hon factor Can be дегт гл е.) from 


д б = 2272. = #90 


/ т. 
№, = (2:2) E) 2 = 2022 | 
yer ft 1 pipe 


7-40 


8.45 Water flows through a 6-in.-diameter horizontal pipe at a rate 
of 2.0 cfs and a pressure drop of 4.2 psi per 100 ft of pipe. Deter- 
mine the friction factor. 


For a horizontal pipe AP = d$ 
Where V= Q- а.о t% E 10.2 ^4 


SOR 


Thus, 


„ 204г. „_А@ ваш) _ 
di; М7 (9428) (100 ello. 342) € 
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8.46 Water flows downward through a verti- 
cal 10-mm-diameter galvanized iron pipe with an 
average velocity of 5.0 m/s and exits as a free jet. 
There is a small hole in the pipe 4 m above the 
outlet. Will water leak out of the pipe through 
this hole, or will air enter into the pipe through 
the hole? Repeat the problem if the average ve- 
locity is 0.5 m/s. 


2. 2 
Zi +2, = fa Bim EAS, where f&*9,7.70 0 
z2, = +m, UW =Va=V. Thi, 

2 
# = ‘Ex -2, ,0r д = РЁ deV'-Xp With Е from Table êl, " 
£ | 01.5 тт 1 5 $-(0.0l 
В = бат = 0.005  solhal with Re - YD = DE 
we oblain f= 0.045 (see Fig. 8.20). 


Thws, from Ea. (1) 
д = 0.045 ат) (494 la sy -9g00 (4m) = 1.86 «105 


= 


Since ф,>0, water will leak out of the pige when V=52 


If V=0.52 then Re= #44#éx10 and [70.052 
Thus, from £e. (I) 


f= 00521-52) (9912 (0.522) 48005. з (4m)= - 3. 6 x10“ 
Since p,<0, air will eater the pipe when V-0.5 # 


Note : The above conclusion is valid regardless of the length, £. 
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8.47 Air at standard conditions flows through an 8-in.- 
diameter, 14.6 ft-long, straight duct with the velocity versus 
pressure drop data indicated in the following table. Determine 
the average friction factor over this range of data. 


V (ft/min) Ap (їп, water) 


39 50 0.35 
3730 0.32 
3610 0.30 
3430 0.27 
3280 0.24 
3000 0.20 
2700 0.16 


2 y2 
Bila, = Berke ita where Y=K=V, Ap7 f фа, 2, = دع‎ 
EN WM _ 2apD ы 
Thos, Ap-ft5£zeV of f= 2h where Ap = doh 


г 
T- PIC XDIGEZ:D (2 „ = 7/8 TEA , Where hr in. of water, 
= Ld Le V4 в 
(0,00238 325) (14.64) (202) Vs ES 


Calculated valves are given below: 


V, fUmin  h, in. water f 
3950 0.35 0.0161 
3730 0.32 0.0165 
3610 0.30 0.0165 
dics Кай iode The average valve of f is 
3000 0.20 0.0160 
2700 0.16 0.0158 f = 0.0/62 
Averagef= 0.0162 ve = 
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8..4Q Water flows through a horizontal 60-mm- 


; AR } D=0.06m 
diameter galvanized iron pipe at a rate of 0.02 
m?/s. If the pressure drop is 135 kPa per 10 m of 
pipe, do you think this pipe is (a) a new pipe, (b) a) p= T, Y (2) 
an old pipe with a somewhat increased roughness ee 

due to aging, or (c) a very old pipe that is partially б "f. -/35 kPa 

clogged by deposits? Justify your answer. 


For the horizontal pipe (2, = 22) with V," V. the energy equation 
" a y Vas LY 
host +2, = fe +29 +Z2+f5 $ reduces lo Рф = гЁ zoV* 


or з ү lom 2 
/35х/0 m* = 1 0.06т + 99923) (2072), or f= 0.032.« 


0.0212 
where ше have used V= g a = 7 


With >= Yo (7.07 Ё-)(0.06 т) 5 € _ 0.15 mm 
=. = ——— БЫС ЕЗ .79 /0 = . 


for a new galvanized iron pipe (see Table 8.1) the friction factor 
should be (see Fig. 8.20) f=0.0255. Since this is less than the 
actval valve f= 0.032%, the pipe is nol a new pipe. 


With Re = 3.79K/0° and f= 0.0324 we obtain from Fig. 8.20 a 
relative rovghness of $ = 0.006. This is approximately twice 


the rovghness of anew pipe —certaialy quite possible. A very 
old partially clogged pipe wold have considerably greater head 


22.5 x[o 3 


loss. Thus, the pipe is an old pipe with somewhat increased roughness. 
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8.41 Water flows at a rate of 10 gallons per minute in a 
new horizontal 0.75-in.-diameter galvanized iron pipe. Deter- 
mine the pressure gradient, Ap/€, along the pipe. 


Q- jo дА! Jes 221i )( /441_. 


p 
min 605 / ga ] 


7725153) = 0.0223 © 
3 
Б 0.0223 Æ 
V = Q 2 md ОУ... — 7.27 Н 
A 0.75 гү\2 : 5 
T (ZEH) 
Now, fora horizontal pipe 
; 2. И 
ap i гЁ 2рү where since 


t [0.75 
„ VD „ z27 (22H) 4 
Re y 7 ner = 3,76x/0 
© 


and 

it Ык Sum Fjg. 8.20 that f= 0.037 

Thos, 
2 

[= а CE ааа. if 
= 0.211 psi/fl 
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8.50 Two equal length, horizontal pipes, one with a diameter of 
1 in., the other with a diameter of 2 in., are made of the same ma- 
terial and carry the same fluid at the same flow rate. Which pipe 
produces the larger head loss? Justify your answer. 


For either pipe h,= EI , where V=Q/A = Q/(Z 0°). 
Thus, а . 

h,= FL [ear emo] Ag = A & а 
or E 

Пр a 

Let ( and ( ), denote the | in. and 2 in. diameter pipes, respectively. 
Thos, with Q, = @, and КА я Eq. (1) qives 

hes | (L/D) (EM da ууулу 

ma ^ dogs (ENS) GO GS 
o^ 

hy h 
x 2(£) | 

Althovgh f2f (because Re, # Re, and 8/0, € &/D;) the 
ratio f/f wovld not be significantly different than 1, 
especially compared to the factor of 32 in Ед. (2), For example, 
assume Re, = 12,000 and €/), = 0.001 sothat {= о.озз (see Fig, 8.20), 
Thus, since 

Re = VD/v z(Q/Zb^)D/z = oy fb It follows that if Re, =/0 000 
then Re, = 5,000 and €/), = 0.0005 if EX), =0.00l. Нерсе, 
f, = 0.037.580 that h, /h, = 32 (0.033/0.937) = 28,5 >>I, 
Similar results would be true for oiher Re, £/D valves. 


Thus, hy, Ир, = 32 (f, /f,) >l, The smaller pipe has the 
larger head loss. 


(2) 
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8.52 Blood (assume и = 4.5 x 1075 Ib:s/ft^, 
$С = 1.0) flows through an artery in the neck of 
a giraffe from its heart to its head at a rate of 
2.5 x 10-* ft/s. Assume the length is 10 ft and 
the diameter is 0.20 in. If the pressure at the 
beginning of the artery (outlet of the heart) is 
equivalent to 0.70 ft Hg, determine the pressure 
at the end of the artery when the head is (a) 8 ft 
above the heart, or (b) 6 ft below the heart. As- 
sume steady flow. How much of this pressure 
difference is due to elevation effects, and how 
much is due to frictional effects? 


A Mrz, = Gt Brett gy i5, where И =4 =V 


i Thos, Re = 602, or 


slegs 
Re = = rs тон 823 Hence, the flow is laminar with 
y 


=f گے ے‎ = 0.0778 
Also, p, едЬ =(847 1%) (0.708) = 593 % 
Hence, from £g.t/) 
P= Ё, - (2, 2) = r£ 
а) With 22 = 8ft, 


f= ا دوک‎ - (62.9 lb, ) (8H) - 0.0778 (235) ay 0 558 SE (le ty 


E ie 
Note :-499 1 gn is due to "m - 59.5 is due to friction. 
b) With ^ - -éfl, 


P= =593 № b (62.4 k, b. (-4fl) - 0.0778 (228 bap EX 19% 2082) мее В)? 


E 1b - 59s th lb = 34,5 lb 


= 59316 4 374 I -s25 ih = 208 h lb 


Hi 


Note: 37# 9% is due to elevation, - 59.5 Ё is due lo friclion. 
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8.53 A 40-m-long, 12-mm-diameter pipe with a friction factor of 
0.020 is used to siphon 30 °C water from a tank as shown in Fig. 
P8.53. Determine the maximum value of Л allowed if there is to be 
no cavitation within the hose. Neglect minor losses. 


The minimum pressure is the vapor pressure py = 4243 kPa (abs) Table B.2), 
Assume the minimum pressure is at the top of the hose: р, =fy. We will 


check this assumption after we obtain Р. 
Thos, 


2d 2= e ndi 5x, where д =/0/k Fa (abs), Z,=3m, 
E, = 7m, VW =0, and з= *.293 kPa(abs). Thus, with f=0.02 


(101 — & 243). ( tom y2 
E 3M = *[ | +0.02 س‎ 
4.77 Жз шш. [жет 012.7 ) 2(48144) 


or 
V=2.56% | 
Obtain h from | 
9 s = Bik 25 nid A where f, «0, = V- 2.54 
t =}, and Ё = 0m, That is, with f= f0 


ES 40m yas E 
3m=-h (150.02 eui] ) 325130) ر‎ or р 16m 


Check if Ry Pressure occurs al (3). Consider iie (4), 


From 2.5 Жез, = fee RAE with р, =0, а 
ие EA 


P4 = 3 (Z, + ГЁ 20у? If we use Ж, = О, then 

from the figure! £ = с=т ‚ 0211282, 

Thus, ht7 = 26. "s 
fay = ®во® C24) +00. о2о к yeso. sea 3- 


or 
4-9. goxio* + 6.15x/ )24 = - 3650 Zy 


Thus y f decreases as Zy increases. That is Л the mini owm pressure 
occurs at section (d as assumed. 
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8.54 Gasoline flows in a smooth pipe of 40- 
mm diameter at a rate of 0.001 m/s. If it were 
possible to prevent turbulence from occurring, 
what would be the ratio of the head loss for the 
actual turbulent flow compared to that if it were 
laminar flow? 


Let ( ) denote the turbulent flav re С) the laminar. flow. 


2 


Thos, h, = 525 and hash 


where 


m? 
у= И = у = 8 gU. 07927 
i ni 2 (0.04m) » 


From a 46 р=680 and y= 3.1/0 ES so that 
kg т 

Re = 2 o< (680g (0.7968 A)(0.09m) _ = 6,98xJo* 
3./X10 y d 


Hence, from Fig. 8.20, te a en pipe f = 0.0/92 
while for laminar flow VES T c — 2 16x10" * 


“ 
Thos, ae га (1) 6.98 xJ0 


0.0092 _ 
9J4xJ0 * 


8-49 


8.55 А 3-ft-diameter duct is used to carry 
ventilating air into a vehicular tunnel at a rate of 
9000 ft?/min. Tests show that the pressure drop 
is 1.5 in. of water per 1500 ft of duct. What is the 
approximate size of the equivalent roughness of 
the surface of the duct? 


im £d +22 4535, where 2,22, у=; , and (1) 


Ё oa doh “(cz pops 5H) = 7.901 
Also, yf „ ooon) 12) - 2,2 Íl 
Z7 (38? 

Thos, from Eq.) pps = -[4 Ёр“ or 


т 2009-0) _ 23(2890 _ 
f PEV? (2.38x/0 S )(150000) (212 £y ^ = 
From Fi 19, 8.20 with f=o. 0292 and Re = > VD . Б = posan" 


" 457x/0 
we obtain Б = 0,0099 Thys, E- 0,0044 (38) = 0.0132 fl 


8.57 An optional method of stating minor losses from pipe com- 
ponents is to express the loss in terms of equivalent length; the 
head loss from the component is quoted as the length of straight pipe 
with the same diameter that would generate an equivalent loss. De- 
velop an equation for the equivalent length, £,. 


Дай t Va 

het £5 e 

Lmajor 7 D 24 

The pipe feageh from the major {oss 


Can be ased to pepreseat the equivalent 
length, Leg. 


f 4% "29 = К, 
f Le 5 Ku 


£F 


8.58 Given 90° threaded elbows used in conjunction with copper 
тоси of 0.75-in. diameter, convert the loss for a sin- 
gle elbow to equivalent length of copper pipe for wholly turbulent 
flow. 


MB 
fe = RT 


For 90° Hreaded elbow, KL- 5. 


For copper Pipe (Srawa tubing), E=0,000008 f£ 


Se 


€ . 0.000005 _ 8X03 
D 


(27a) 
From Moody chart (wholly turbulent Ў lous) 


f= 0.д115 


‚+ 08) 2772) - 4.15 ft 


020115 


8.59 Based on Problem 8.57, develop a graph to predict equiva- 
lent length, б, as a function of pipe diameter for a 45° threaded 
elbow connecting copper piping (drawn tubing) for wholly turbu- 
lent flow. 


„ Ko 
fog = کک‎ 
For 55° threaded elbow, Ё, 70.4 


For capper чыту (dran hero), E= 0.0015 ma 
To Calca late £, use alternate form 


F= etae é/p \t-il + 62] 


For whdly turbat. flow, assume Ле = Bx107 
This is large enough Re 10 make f essentially independent 
of Re (see Moody chari, Fig, $,20). 


f | eq (mm) 
0.00005 0.010602 
0.012025 
0.015932 
0.019678 
0.028474 
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8.6OA regular 90? threaded elbow is used to connect two 
straight portions of 4-in.-diameter galvanized iron pipe. (a) If 
the flow is assumed to be wholly turbulent, determine the equiv- 
alent length of straight pipe for this elbow. (b) Does a pipe fit- 
ting such as this elbow have a significant or negligible effect 
on the flow? Explain. 


X, where from Table 8.2 К,= 1.5 for a 90° 
threaded elbow. 


ue where from Table 8.1 Е = 0.0005 fl for a 
galvanized iron pipe. Thvs, with 
ED = 0.0005 f1/( 4 /12)1] = 0.0015 and a very 
large Reynolds number (с.е. wholly turbulent flow) 
it follows from Fig. 9.20 that f= 0,021. 


Thus 
7 2)fł 
bey = T HL. оз ӨН 


б) In general = Keay +B, = (K+ FE 
M” p ы у since Kz ¢ 


Thus, whether or not a pipe filling such as this elbow has а 
signiticant effect on the flow depends on the relative size ot 
her (=23.8f} for this сагв) алд the pipe length, £. TF Leg < 
then the fitting us negligible. 
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8.01 То conserve water and energy. a “flow 
reducer” is installed in the shower head as shown 
in Fig. P8. 61 If the pressure at point (1) remains 
constant and all losses except for that in the “flow 
reducer" are neglected, determine the value of 
the loss coefficient (based on the velocity in the 
pipe) of the “flow reducer” if its presence is to 
reduce the flowrate by a factor of 2. Neglect grav- 
ity. 


Without the reducer 5 + +27 fa 


Flow reducer washer 


50 holes of 
diameter 0.05 in. 


\ 
ы 


FIGURE P8. 6| 


2. 
+ +g , where f= 0, 2\~22 


Ды LR “FOES ру 7/79 (V (V and V," € iL and 0^#) 
Thus, fi = Łe- v>) = # 0(/467°Q* - 733Q* )=8. om p Q^ fa 


where ке E T3 


With the flow reducer the flowrate is reduced by a factor of two. 
Thus, V, = ah 733Q) and = + (14578) with (2) 


"T «JA ТАА or В = 0(7 *(5-V*) (з) 


575 


dies by combing Eqs. (1) (2), and (3) we obtain 


8.071009 = to] (229) *(&.-0(838) | 


or 
K, = 9.00 


8 


8.62. Water flows at a rate of 0.040 m/s in a 0.12-m- 
diameter pipe that contains a sudden contraction to a 0.06-m- 
diameter pipe. Determine the pressure drop across the contrac- 
tion section. How much of this pressure difference is due to 
losses and how much is due to kinetic energy changes? 


m? 
Cole = m E " 0.04 


Thus, Ew е) pp 2e- 0.2.5 we imei from Fig. 8.30 


К, = О. 40 
Hence, from Еа, 01) 


Ld fa 7 2 ze KV 7-4۶ | = 21(999 6 |0.40 (p.i s Y (us 


f - fa = 38 ухо? + #з,оху% Ж = /зз kPa 


This represents а 39.7 kPa drop from losses and a 93.0 kPa drop 
dve to an increase in kinetic energy. 


8.6% (See “New hi-tech fountains,” Section 8.5.) The foun- 
tain shown in Fig. P8.G4 is designed to provide a stream of 
water that rises h = 10 rt toh = 20 ft above the nozzle exit іп 
a periodic fashion. To do this the water from the pool enters a 
pump, passes through a pressure regulator that maintains a con- 
stant pressure ahead of the flow control valve. The valve is elec- 
tronically adjusted to provide the desired water height. With 
h = 10 ft the loss coefficient for the valve is К; = 50. Deter- 
mine the valve loss coefficient needed for h = 20 ft. All losses 
except for the flow control valve are negligible. The area of the 
pipe is 5 times the area of the exit nozzle. 


Pressure regulator 
BS FIGURE рв, 64 


For any ae 


faz ah = TIT , where Z0 2= h+4# 2-0 
Thos, ond hi dm 


K ve = Л» 
fb E 
For het ie so 
= 2 "xs = (Jott +44) +(50-1) zz i 


Also, from 9 lo т 


Thus 

5 =h or V% АЛД 

so for helo, V, РАЛАТ еден 

Also, VA, = М2, so that ү) = = ү = (25.4) = sop lt 
Hence, Eq. (2) gives 


£ = fl +49 (5.08 BY (a (323314) = 33,611 


For h = 2ofl, m Ед, (з): M = Ү(®32-2.Ё, (zo) = 33.4 ft 
Hence, V," у =(х) (зв Н) = 7.88 


33.61 4 (2,8 E) 2132.2 He) К, (21Р) 2432.2 8452) = 2 t 
or 
К, 13.0 
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fini We git E. where fn=fs-0, 22-23=h, and %=0 


Since f, is ud (independenl of h), № valve 2 = 33.6 Н obtained above for 
hof is also valid for h=20ft. Thus, with z= h* ffl = 2ofhi AH = 2 E Chis: 


(1) 


(2) 


(3) 


*8.65 Water flows from a large open tank through a sharp-edged 
entrance and into a galvaniaed iron pipe of length 100 m and di- (n 


ameter 10 mm. The water exits the pipe as a free jet at a distance | De 0.010m 
h below the free surface of the tank. Plot a log—log graph of the h ү à 
flowrate, O, as a function of k for 0.1 s ^ 5 10m. + 

£ =/00/). (2) 


SE 42, = Фах. (£5 RS, where 470, 420, z,-h, 

20, № =, and ee Thus, 

h= (1 +} tK 35 where from Fr. 9.25 Қ, = 0.6 

Hence, 

h- (14 (1295. +0) 3 TY or /4.6h = (1.5+ı0,000f)V*, with @ 
dem, y~ # 

sn в = mm. = 0.015 (see Table 8.2.) 


= VD . (0:01т) V 
* ds 72 mmu or Re=8930V 


If the flow is laminar, then f= 4 (де. Re <2100) 
If the T is turbulent, then from £g 8.35b 


m “= =-/, ll)“ H be 91] 


That f "5, 
a 2-48 оомо Ge | 


The пио h for laminar flow occurs when Ре =2100, or tram Ег (2. 
Ves 5999 20.2352 and {= туу 3552 = 0.0304, Thus, from £g. 0) 


1.5 +/0,000(0.03 352 
h= op ease ааз 


Thos, for № «084 т {he flow is laminar. For h >0.861 assume flow 
is turbulent. 


For 0./ m р lom solve Eqs. (1) (2) and (3 or (9) depending if h<0.861m 
or > 0.961т to obtain V. Then 


Q= FOV = E (oom) V = 7.85x/0°Y where V~% с 


For laminar flow (£e, h <0.861m) Без. (1) (2), and (3) give 


| 2 
ү = [5 + 10%-# -]v 


v^ + 428V- 13. 5 =0, which can be solved using the quadratic 
equation to give 


V= -23.9 4] 571 +13. hJ“ Sos V0 we can disregard the “ "ro. 
(Cont) 
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(con't 


Thus, Using €. “7) 
= 19r TA, h^ 0=д < 0. su 6) 


This equation was used ina MS Excel spreadsheet 4% 
рл) а as a function of h Ar lamer flow- 


NOTE: The coefficients of £9. (6) must be very presiely 
given because for small values of k, (571/940) * & - BI 


So tn the spradsheek 
Q = 7, 88x/0-5 [23.9897] + ($704 708? +13. овос7А)Ё ] 


Fon hr 0. ll m, Egas. (1),2), ало (4) were used ia the 
Sprendsh eet 20 manually "784 oA Ё Ega (5) was used 


to fad Alh). 


Insert a guess value (e.g. f = 0.02) in the f(guess) cell. A new f value will be calculated 
in the f(new) cell. Use this new value as the updated f(guess). Continue until f(guess) = f(new). 


h,m  f(guess) V, m/s Re f(new) Q, m^3/s 
0.100 2.15E-06 
0.150 3.22E-06 
0.225 4.82E-06 
0.338 7.23E-06 
0.506 1.08E-05 
0.759 1.62bE-05 
1.139 1.87E-01 1.47E-05 
1.709 2.35E-01 1.85E-05 
2.563 2.95E-01 2.32bE-05 
3.844 3.69E-01 2.90E-05 
5.767 З 4.61Е-01 3.62Е-05 
8.650 А 5.73Е-01 4.50Е-05 

12.975 7.11E-01 5.58E-05 


Ssi: T a ына = 
H | 


8.66 Air flows through the mitered bend shown in Fig. P8.66 

at a rate of 5.0 cfs. To help straighten the flow after the bend, Tightly packed 0.25-in.-diameter, 
a set of 0.25-in.-diameter drinking straws is placed in the pipe | ани 

as shown. Estimate the extra pressure drop between points (1) | 

and (2) caused by these straws. 


FIGURE P8.66 


The exlra pressure drop, ap, is equal to the pressure drop throvgh the 
length of the straws mins the pressure drop in thal 12 in. length of the 
pipe withot the straws. Thal is 


5-8 
Ap = АЙ -Afns , where а= УТТА with у= 2 = ET = 6.37 


f 
Also, Re = Ур = E. = 4&06x/0* Tf we assume the pipe is 


smooth, it an from үз ig. 8.20 that f= 0.0215, Thus, 
АФ, = 0.0215 (JEM )(£)(2.28x10 3 $4 (6. 328) = 1,04 031, а) 


With the straws in place ‚аё = { Ё ру? where the valves of f, D, атау 
and different than those used above. In general 
the flow geometry is quite complex — tlw through the 
straws and flow in the gaps belween the straws. For 
simplicity, assume the n act as a circular. flow 
areo of diameter D, = ý D= 2 (0.25in) 0.07380. 
Thus, in each OS in 0.510. Cross n there 
are ^ straws , or a total of N= «iae s [Z2] straw 
ce. N=/8/0 straws. 


T the thee is temper ten Qr D sp tiat “ame 4: Gta) 0.0198 


nny стт: 

That is, only about © of, the flow is in id ea region — neglect this amant. 
Thus, V= — i XE 

Hence, OREA) ` 


0.25 
Ве = = М2 2 = (8.10 E (925 ft) =/070 < 2100, {ђе flow is laminar with 


: 157х160 “в 
fa 12i 
f= £i = sao =O. 0538, m дй = 0.0598 ( 52 Jae. 38x/0 04 )(8, jo E) 


o s 0.224 B. Hence, when combined with i (1) 
Ap = Ap, -Apps = (0.224 -0, 00104) b, = 0.223 0.223 f 
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8.6 '7 Repeat Problem 8.G6 if the straws are replaced by a piece 
of porous foam rubber that has а loss coefficient equal to 5.4 


FIGURE P8. G? 


The extra pressure drop, Ap, is eqval to the pressure drop оуу) the 


length of foam rubber mines the pressure drop in thal 12 in. length of the 
pipe withwt the foam. That is 


£3 
Ap = Af — Apr " where арт = FÉ tov" with y- $- FER = 6.37 
* (75 
Also, he = v2 = oe ae 4.06x/0*. If we assume the pipe is 
smooth, it Follows from Fig ig. 8.20 that f= 0.0215, Thus, 


др, = 0.0215 (2 M-\(4)(2, 30x10 HE )(6.37 BY = 1.04 x02 8, а) 


The pressure drop due to the foam is 
Af» = = К, xp ү? 


= 4ک‎ (4)(o. gorse #1092) (5377 2)" = 0,261 Ж, 
Thus, 


_ طا 
af Ap, "App? 0.241 f2 ~ 0.0010 tq M = = 0, 2401! 0240 fa‏ 
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8.69 As shown іп Fig. P8.68, water flows from one tank 
to another through a short pipe whose length is п times the 
pipe diameter. Head losses occur in the pipe and at the en- 
trance and exit. (See Video V8.I0) Determine the maximum 
value of n if the major loss is to be no more than 1096 of 
the minor loss and the friction factor is 0.02. 


BFIGURE P8.68 


If ы 107}, then 


minor ? 
2. 2. SK 
e [oi SEN or 5 = 2 (I) 
wer 226 N ese ER ud =0.8+| =8 


Thus, with £70.02 and L=nD Еа. (I) becomes 
xdi." is 


سے 


р 9 (G02) 


on 
П = Я 
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2 Gauze over 
|^ end of pipe 

8.69 Air flows through the fine mesh gauze 

shown in Fig. P8.67 with an average velocity of 


1.50 m/s in the pipe. Determine the loss coeffi- 
cient for the gauze. 


2 2 2. | 
SHE +2 = {+ +22 +h 3 j where 22%, V, Va == 152 
Thos, K= ч a) where F=? and (f = 8mm water 
or д =(8х0 т) (#80110 ) = 78.4 Б. 


Hence, 
ie 2 (78.8) _ 547 


(2339 (sy == 


$-63 


8.70 Water flows steadily through the 0.75-in. diameter 

galvanized iron pipe system shown in Video У8/Чапа Fig. 

P8.70 at a rate of 0.020 cfs. Your boss suggests that friction 

losses in the straight pipe sections are negligible compared 

to losses in the threaded elbows and fittings of the system. 6 in. length 
Do you agree or disagree with your boss? Support your an- 

swer with appropriate calculations. 90? threaded 


elbows 0.60 in: dias — 


Reducer Q = 0.020 cfs 
1 in. length 


4 in. length 


Closed ball 
valve 


Major loss = rd та where 


b= (656*4*l)in = 17/0. , D= 0.75. mw FIGURE P8.70 


0.02 Ё ft 


ee pem mod ia ir 
T (0.75/12) £4? dinge 


with 


R = VD EET e 3. хо“ 4 


= = эрий. = baat (see Table 81) we obtain (see hg. 8.20) 
р = 


rd = ооз pd NO. oes М Y (1) 


0.038 so that 
Also, p y 
Minor loss -$. 239 =[2 (1.5). e +0. IA = SIS zm ig (2) 


олп. 72 


, Y 2 
20* elbow fae reducer with fa = 9 6n.) =0.64 
1 0.75 ip. 


(see Fig, 8.26) 
Thos, from ale (1) and (2): 206 #10 


major loss 
minor loss 


Probably ер with boss because pipe friction is abovt 


177, of other losses. 


$- 64 


5.79 
8.72 Given two rectangular ducts with equal cross-sectional area, 


but different aspect ratios (width/height) of 2 and 4, which will 
have the greater frictional losses? Explain your answer. 


The duct with the greaterlosses js the one with the largest headloss 
per length , h, /L, where fy = F5 L V*. If the areas are egal, then the 
velocities are equal since V< am. i 


Let ( and ( ), denote ducts with aspect ratios of 2 and La respective) 


(ID, = т E and (Ь/ А, where k=l 
hy 20 n^ 
Hence, 


0, Dy [he E/E = Р б, 
4 42. 


A. (1) 
2 Diy 
Let A,=(2a)a а 
and 2a 
A, (а) [— — — Jas 
Thus, since A =Ay, ino 
24-44; or d 
and E S dos = 4 
Ph = 44, /R, = (242) [42124] = =. а = /,33а (2) 
бы = “%/» = yla) [ge а th а] = P EY (з) 
so that 
Dis „ Ёд 5 
Din Um = = 392 = /,179 so that Ёо, (1) becomes 


(000), С), = 1.179 # 


(4) 
Tn general, f * f(Re, $) in such a Way that i$ D increases, f inoreases 


and if Re decreases. f increases, This к ks Seen from the Moody 
chart as indicaled below. 


(con't) 
£65 


| | 
7 г aminar P oin: 


(2) (4) 
E/Dhy 


(2) 8/0, 


Ren 
For a given €, (8), »( E ) SINCE 0, Dy, (See Бу. (2)and(3)) 
Also since Rez VD, /V it follows that 
Кер < Кер, Since Dy, <), and у, Vy. 
Thus whelher the flow is laminar or turbulent if Follows 
that f,>42. Д follows from £e.) that 
(h, /L), / Ch Jb) >] 
Thad is, the dvet игй the aspect ratio of £ has the greater headless 


8.735  Airat standard temperature and pressure flows at a rate 
of 7.0 cfs through a horizontal, galvanized iron duct that has a 
rectangular cross-sectional shape of 12 in. by 6 in. Estimate the 
pressure drop per 200 ft of duct. 


dun a чем, duct apz Fh, = f p pen y-3 


E» бега) TE TE) =/4.0 # and = 


= tA. Сон) _ үл 
P (2208 died 


Thus _ (#0 (0.66781) 


= 5.95xi0" 
h^ 1.57 xi * 


£24 0005 f! 


Also, for galvanized iron €= 0.0005 ft, or p = овун 70.000750 


From Fig. 8,20 we obtain f= 0,0227 
Thus, from Eq, (1) v 2 =200ft, 


Ap = (0. о227)200 Н. 4 L (2.38 x10? 514) (14 oft)” З =0.0110 psi 


8.774 


8.7*4 Air flows through a rectangular galvanized iron duct 
| of size 0.30 m by 0.15 m at a rate of 0.068 m?/s. Determine 
the head loss in 12 m of this duct. 


\ 
=f, where D," 5d = #(03т)(Ывт) = 0,2 m 


2[0.3m+0.15m ] 
ana 0. 068-2 V2, _ (1.512) (0.2m) 
„ЪЁ a MON ue A = USUS 200 2m) -20700 
ү $ (0.3)(0./5т) — pA & Also, ha 146х107 MÈ " 
and from Table 8.1, 
€ .0J5X m _7,5xj0* Hence, from Fig. 8.20 f=0.027 
D 0.2m d 


h 
so that 


jam) SIE) _ 
h,= (0.027)(12%) 2(4.8) 2) = 0./88m 


8.75  Airatstandard conditions flows through 
a horizontal 1 ftby 1.5 ftrectangular wooden duct 
at arate of 5000 ft?/min. Determine the head loss 
pressure drop, and power supplied by the fan to 
overcome the flow resistance in 500 ft of the duct. 


3 in 
a. (5000505) _ ft 
E 4 (1901.5 єй) | 
and NI = arise) = HSF] 12 
Also 


(1.2 #4 
-ebeo = #25х00® and from Table 8. 
1.57 X10 


Ex 0.0006 f to 0-08 ft, Use ap ауегаўе E =0.0018 ff so that 
Е _ 0.0018 Н _ 


EE = 0.0015 an, from Fig. 8.20 f= 0.022, or 


h,= (o. 2202090) E E = ¥¥0ff 


For this horizontal к. Pi en 6 +B rz th, , where 2,= 22 
and XV. 


UN P-P Xh -"(z4su ^ te Ib \ (420) = 33.2 22. Ip à = 0234psi 
P-VYQh, = Q (f, “fa = (col (33.7 fy) E eri zzo A) 


5 (550 Р. 
S 
or 


P= 5. fp 
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8.76 Assume a car's exhaust system can be approximated as 
14 ft of 0.125-ft-diameter cast-iron pipe with the equivalent of 
six 90? flanged elbows and a muffler. (See Video V8.2) The 
muffler acts as a resistor with a loss coefficient of K, — 8.5. 
Determine the pressure at the beginning of the exhaust system 
if the flowrate is 0.10 cfs, the temperature is 250 ?F, and the 
exhaust has the same properties as air. (Table 8.2) 


Mrz, = ae жаа к), wars 2,722, fa” O, 

NA Ten; 
tb in? 

p= GÉ*ZKR)£ev* where pt f= a B д) 74x0 8199 


716 Fb) (460+250)°R Р” 
"i ‚= 22098215. 0.0048 (Table 8.1) NT 


50 that with Р = = Р. (zexi HY (8.5 By (0.125) = 9770 we 


77 Ibes 
x/0 
GTO” Sax 


= 8,/5 f 


obtain from Fig. 8.20, f= 0.047 
Hence, 


=( 0.047( 7.145 .) + 6 (0.3) + 8.5) (E) (1.29007 ЭИ) (9,45 fy 


= 0.899 D, 
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8.77 The pressure at section (2) shown in Fig. Р8.77 is not ~ 

to fall below 60 psi when the flowrate from the tank varies from | мешн т 
0 to 1.0 cfs and the branch line is shut off. Determine the mini- 

mum height, ^, of the water tank under the assumption that (a) mi- ү һ All pipe is 6-in.-diameter plastic 
nor losses are negligible, (b) minor losses are not negligible. | (e/D = 0), flanged fittings 


T 600 ft ۳ 
with 15 900 ft 


90° elbows 
4+ +2, = #24 É +z «(14 ALA , where @=0, И =0 2,2169), 
and Z2=0 Thos, with VV. 
l6 +h = YS (ЕФ Hz). Note: h mst be no less than that with 
famin” °F and Ж = /chs, or 
== £ -FGR = 509 Ë 


ә] л ж EK) Gati 


or 


h= 122.5+( | +f (450624) +E K, )(o.uo2) ft, where h~ft 


With Б=0 and Re = ур = одо) = 2.Jox/o? we obtain 


[= 00155 (see Fig, 8,20) 


a) Neglect minor losses (E K,-0): 
From Eg.) 
p =1226+( | + (0.0155) (596th )) (0.402) 
Or p= 143 ft 


b) Include minor losses : 

ЗК = Косе tE К NN + Ke bee = 0,5 +/5 (0,3) +0.2 = 5.2 
(see Table 8.2, assume flanged 
fittings) 

Thus, from Eq. (1) bia 

h =122-5+(1 +(0.0155)( 156th 15061) , 5.2) (0 кол) 


or 
hz!46fl 


Mole ‘for this case minor losses are not very important. 
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i FIGURE P8.77 
8.78 Repeat Problem 8.77 with the assumption that the 


branch line is open so that half of the flow from the tank goes ‘ | | 
into the branch, and half continues in the main line. All pipe is 6-in.-diameter plastic 
(e/D = 0), flanged fittings 


r a) оге line (b) © 
600 ft 
For ine flow from (1) to (2) : er 900 ft— 
Bi thea o erm (e к) (5 +я шй 
where ( ), and ( J, denote pipes а" and e as indicated in the figure. 
Thus, with p= =0, 4-0, xii "di =0, hs ‚&=^ 80, Also, 


Ина Ш — z ; =2.55 Ё, Eel) becomes 
7 (AR) 


(60 2 kik. 2 шне (5.098)? 
16+h= «(I н hu m 
Ё 
У "s aA ) ae QC" 
e^ =122.5+(1 f, (6242h) ZR oen) "e *Z Kk, )(010)), where h~t (2) 


With $=0, Rz КА = =). 2,/0x/0 , and 


Де,= UD» =H Re, = /.05 x10 we obtain [,-0.0155 dito 0.0/75 (Fig, 8.20) 


а) Neglect minor Josses (E Ka” E Ky = 0): 


From Eq. (2) 
р =122:5 +(1+(0. о) (89) (д, 4.02) +(1800(0.0175)(0.101) 
or 


h= 125 fl 


b) Include minor losses : 


um кууш = 0,5 t /5(0.3) = S.0 (see Table 8.2, assume 
flanged fillings ) 


From Ед, (2) 
р =122.5+(| +(0. o55) 4 th y} 5.0)(0.402) + (1800(0.0125) 40.2 ) (0.101) 


or 


h= 1371 


Note: For this case minor losses are not very important, 
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8.79 Theexhaust from your car's engine flows through a com- 
plex pipe system as shown in Fig. P8.79 and Video V8.5. As- 
sume that the pressure drop through this system is Ар, when 
the engine is idling at 1000 rpm at a stop sign. Estimate the 
pressure drop (in terms of Api) with the engine at 3000 rpm 
when you are driving on the highway. List all the assumptions Exhaust header 

that you made to arrive at your answer. m FIGURE P8.79 


For steady flow, 
At +2, +h —h, = fz +2, + я 


Assume 2, <2 and V =V so thal with h =| ЯГА 
ала 4р2 р. у we атап 


ap= Vh, - ОЕК) = eV (12 +k) 
Hence, 


2 
AP ово = ке s arm £ +K) 
——— т 
Аф ооо T (боо Views {Жж $ қ) 


Assyme Cone = Cove ana fies = Ies (се. f independent of Re ) 


Thos, 
A foco =( ооо ) ‘ ы 
А ооо 1000 Ре 


But V= 4 where Q is assumed proportional Fo engine rpm. 
That js Кодо =3 Vow So that 


2f1 (з) uq 


Афого ڪڪ‎ 
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8.80 


8.80 According to fire regulations in a town, the pressure drop in 
a commercial steel horizontal pipe must not exceed 1.0 psi per 
150 ft of pipe for flowrates up to 500 gal/min. 1f the water tem- 
perature is above 50? F, can a 6-in-diameter pipe be used? 


Determine the pressure drop in а Sin. diameter pipe. 
St hz, = Arte i fh 
Thus py 

fife > ш; ‚ where f - f(Re, ¥), 


-# 
From Table 8.1, & = 0.00015 so that ў = MEE = зх? 


The largest P,P, will occur with the largest f 

which bi aa the smallest Re, or lived 4 i Мы. 

Since 1he viscosity of waler Increaves a the fem perature 

decreases, we consider the coldest саге = 7= 50°F 4 

From Table BJ, af Sf, d'-dz. 00/03 and #=/. porns? S. 

Alco | ; 4 

Vz Q _ (50% (Lt) (231 ж А) = 
Л 


J where ЖЫЛ qnd 2,22... 


(1) 


= - 5.67 
ZGHU 
Thus 
ур c (6.87 #)(6129) s 
Re = 7 = Sir x =2,01Х10 
407х105 № 
> 5 zi ; 
Hence with Ке =2.01х10 and = =3x/0° we obtain from Fig, 8.20 
f= 0.018 


Therefore, from £g,t1) 


f) - > Р (15001) (5.67 Hy 
(5/20) ifn 2) = 2,70 H 
so that T 


f^ f = (@ .70)(62.4 db.) = мер, (з) z 17 pst > /, opsi 
A «л. diameter pipe requiresslighily more than the allowed /, opii periso, 


Thus, под bin: pipe cannol be шед, The minimum diameter can be 
shown to be D=0,513 Ft = 6,37.n. 
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8. :81 


8.21 As shown іп Video У@. Чапа Fig. Р8.21 water “bubbles 
up" 3 in. above the exit of the vertical pipe attached to three 
horizontal pipe segments, The total length of the 0.75-in.- 
diameter galvanized iron pipe between point (1) and the exit is 
21 in. Determine the pressure needed at point (1) to produce 
this flow. 


Ш FIGURE P8. 2} 


+ ae =, -£ ' + Z5 


Ў 
where 2, =0, p270, Veð Thus, 
р 3 dE where M =; =۷ 
With no head loss from (3) t0(2) and р. =P, = Vi=9 we obtain 


25 +2; = 24, or ү, = = 29 (Z2 - Z3) fU CES = 40 


Thus, ft ( 275 
"MB В ua 4.01 5 120) - 4 
Ре = ota ae 2.07 Х/0 
an 
o.000s ft — | ^, 220 
£ = (ЗҮП = 0.008 v Table 8 І), so that (see Fig. 8 ) 
12. 
f= 0.039 


Also, h, = 45 ER where 5, К, = 3-5) = z45 
Hence, Eq. (1) becomes 


Ép = Za + яек] - A where V, =V 


or : 

£. = EH oosa tu tt xe ose qu 
= 173 { 

Thys, 


p = (62.545 )(1.73 #1) = 108 Б. = 0.750 psi 
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Length ¢ 
8.82 Water at 10°C is pumped from a lake as shown in e P 


Fig. P8.82 If the flowrate is 0.011 m/s, what is the maximum ps 

length inlet pipe, €, that can be used without cavitation 5 

occurring? = Elevation 
! 653 m 
| FIGURE P8. 82. 


Е | тт? 
H+ +z, = Gti tes (EERS, where фр, = 101 kPa , 2,=65От 

() 
у=0, Va =V, 22= 653m, and from Table B.2 f= py= 1.228 kPa 


Also, V= $ = 212 = 2.86 ¥ so thal 


т 
Re = y = asa) = = /.53х/0°, With this Re and from Table 8.1 with 


E _ 9.08mm _ . т ; 
= am = 0.004 we obtain {= 0.0216 (see Fig. 8.20) 


Hence, with ZK, =0.8 for the entrance, Eg (I) becomes 


2N m^ 
0] -/.228)x/0 96 
(101 9)х10 ys +6507 = 653m « 1 ноо.) юз) 262). 


EE 777P dl, р 


or 
L=50.0m 
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8.83 Water flows through the pipe system shown in Fig. P8.83 
at a rate of 0.30 ft/s. The pipe diameter is 2 in., and its roughness 
is 0.002 in. The loss coefficient for each of the five filters is 6.0, 
and all other minor losses are negligible. Determine the power 


added to the water by the pump if the pressure immediately before 
the pump is to be the same as that immediately after the last filter. 
The length of the pipe between these two locations is 80 ft. 


IGURE P8.83 


Boot the energy eenaa » 
hp = hı = G4 +k.) MZ, 
Q=VA, Ve ©З tuy] = 19.75 75 


VD _ (1.97 2 
fe = £ TEL а) = 9101 


% Е = = |x/0-7 


From the Moody chart, f2 027/6 


m hp = E 0215 fe "o 2 + tu] (7T. 


(32.2) 
=| 0.33 + in (2.94) 
( Note: the fih) hrs Produce ^3 te pipe /oss) 
hp = 118.54 ft 
оделе. the power 


W= ¥Qhp = (62.9) (0.3) (18.54) 
2 йр. 
= 2919.1 OS « рр = پاتا‎ 
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18 in. 
ч 0 
— س‎ = Q 
8.84 Water at 40 °F flows through the coils of н N Threaded 180° 
the heat exchanger as shown in Fig. P8.84 at a — return bend 
rate of 0.9 gal/min. Determine the pressure drop 


between the inlet and outlet of the horizontal 
device. 


FIGURE Р8.9Ч 


f+ +Z = Gets Wiz (FS ZK, J, whe Z<, 
yayu ada (o5 8 Хез 2 (dat a 


ECEN 
Thus, 
@-/%=(ТЁ+#К,)ФеУ*, with L= 9(12 Н) = 12 
and £ K,=7( 15) =105 (see Table 8.2) 
Also, from Table 8.1 е: ^ 000005 f1/ (0.5/12 f1))- 1.2 10 * 


#95 
ола = VD - @#7@)( Н) = 3690 (see Table B.I 


v С 166х102 for v) 


Hence, from Fig. 8.20 


f=0.04/ 
and trom £4. (1) 
ppa (oon (os o3 )'los) Ye 00a Y 


ог 
Af. = 6. ві, = 0,825ps! 
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8.85 For the flow in Problem 8.84, ethylene glycol is added to the 
water for freeze protection if the temperature drops below the freez- 
ing point. The density is unchanged, and all flow conditions are 
the same except that the viscosity of the mixture has changed to 
0.01 Ns/m? at the given temperature, Recalculate the pressure drop 
between inlet and outlet. Discuss how this loss will change if the 
fluid temperature does drop below freezing. 


First, Convert the Viscosity ЁО (36 uarts 
using Table 1.4 


= 00105 (3.099 110) = 2.09 x 10% ES 
From Table B.I, pal hyspys 


Oo 
/ -y 2-5 
yea PO UE В -# Аз 
ie Стено E 


Calculate ay updated heynolds number with V-147 V (see 


( 9 ‚8.0 
mE УВ _ US 7^4) (© yf e? Pob. 825) 


/.OT7xIp-f ^ 
There fore , the new How iS Jam глаг 


fa - Pops 0 UA 


From Problem PALA 
f-48 = (Яз) ру" 


= (0.11 (BEE, ) + 10.5) (2) Ctr I 782" 


R-P = 99.6 Ye = Q. 622 psc 


This addition approximately doubles the pressure drop. 


ТЕ the Fluid Lem perature does drop below freezing; 
there will be a further increase гл viscosity amo the 
pressure drop. 
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8.86 Water flows through a 2-in.-diameter pipe with a ve- 
locity of 15 ft/s as shown in Fig. P8.86. The relative roughness 
of the pipe is 0.004, and the loss coefficient for the exit is 1.0. 


Determine the height, h, to which the water rises in the piezome- 
ter tube. 


o. git 


@ FIGURE P8.86 


^ +z, pr -h = fe +2,+ 


where 
£L =h, 2,0, f,=0, Z= en № 202 на 
h= К KIS with V-V, and K, 
Ths, y: 
(1) ht boha 
/ 
a Re = 4 E (IS EEH) = 2,07X/0. 


2.34xj95 10:5 
“Hence from Б 19, #20 with ED =0: box we obtain f=0.029 
so that Eg, (1) becomes 


tt (/5 gy 
h +] enn TETTE 28) ^ ef 


or 


hs /6.5 f 
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8. 87 Water is pumped through а 60-m-long, 0.3-m-diameter 
pipe from a lower reservoir to a higher reservoir whose surface 
is 10 m above the lower one. The sum of the minor loss coef- 
ficients for the system is K, — 14.5. When the pump adds 


40 kW to the water the flowrate is 0.20 m/s. Determine the 
pipe roughness. 


“+ tZ hp меод, where 0, =. "0, V, =a “0 2,70 


and 22 = = lom 
Thus, hp-h, = Z2 , where 


We 40x]03 m/s ^ 
hp 7 Fa FQ НА ami) = 20" 
Hence, П 
20%] SANE = /0т 
wit 
V= & =(0.2 m%s)/ (F (o.3mY) = 2.82 m/s 
Thus, from Eq (1) : 
Feréeom (2.82 m/s) 
20.4m [+ (55) +4.5 2 (4,e] m/s?) 
or 
OE IB. > RDFA 
.2m/s 2m 
Воо Ве бре ыг REE 


Thus, from the Moody chart (Fig, &.35), with Re = 7.55%0% and f =0.0540 
il follows that g/D = 0. 028, or 


£r 0,028 (0.3m) = 0.0084 m 


f= 0.0560 ae £ = 0,028 


Ве =7.55 x10° 


8.89 As shown in Fig. P8.89, a standard household water meter is 
incorporated into a lawn irrigation system to measure the volume 
of water applied to the lawn. Note that these meters measure vol- 
ume, пбї volume flowrate. (See Video V8.15.) With an upstream 
pressure of ру = 50 psi the meter registered that 120 ft of water 
was delivered to the lawn during an “on” cycle. Estimate the up- 
stream: pressure, ру, needed if itis desired to have 150 ft delivered 
during an “on” cycle. List any assumptions needed to arrive at 
your answer. 


The energy eguation for this flow is 

4 I +2, -[rn £k] 5 = b 4 аз, 
where 2,22. , 4*9, AA and [Дд 
Thus, from Ёд (1) 5 

f= eV? [rd x +4) -1| 


But Q=AV = X , where Vis the volume of water supplied 
during an “a” cycle and 1 is the length of the cycle. 


For a given system EK, is independent of Q. Similarly, for larg 
Re pipe flow, f is independent of Ro (or Q). Thus, 


[d 92^ (A ү Г) is constant, independent of Q. 
Hence, trom Eq.2), if the length of the cycle is constant, 
Pleat, ela | [e КЕ Wee 


—— ا‎ = /,563 
Ё ENT 1 @ К, И), ut Land ) 
ог 
= Ry (3. =, “е ; . 
f " 1,56 2 /.5&( S0psi) 78.1 psi 
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6.20 


8.90 


throughout the pipe loop shown in Fig. P8.90, The 3-m-diam- 
eter pipes are smooth, and each of the four 90-degree elbows 
has a loss coefficient of 0.30. Determine the power that the fan 
adds to the air. 


A fan is to produce a constant air speed of 40 m/s 


# FIGURE P8.90 


£z + -h, th, = Ae +2, 
Tf we locate (i) and (2) af the same place if follows that 
AFP; V, =V and Z = Z2. 

Thus, 

(ЖЫ КА e PA where zik, = 4 (0,30) =/2 
Also, Re- 2 2 = 29 "Bs (408m) 


= 8.25 x/0° 
179х105 
and. 5 «0 хо that from Бо. 220 f 70.0083 
Hence, 2 
№, = (0.0083 араа ra) у, ТР 
so that | 


W. = Qh, = ee, оз) н (зт) (4o2)] utm 
= 3.79x/0° MB = 3794W 
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8.91 


8.91 Тһе turbine shown in Fig. P8&.2/ de- 
velops 400 kW. Determine the flowrate if (a) head 
losses are negligible or (b) head loss due to fric- 
tion in the pipe is considered. Assume f = 0.02. 
Note: There may be more than one solution or 


there may be no solution to this problem. 120 m of 0.30-m-diameter 
cast iron pipe 


FIGURE P8.4/ 


2 2. 
bie Joe - tt ez, "he e where f = № =0, 2,=20т, 


2=0 Thus, 2, = E uix А, 0 
Mee head A (f=0): 
= № г» where h = A = Жиза NN = 52.0 m 
£ @вох®Д)Л (Im)? V, Vo 
Tas y2 73 
ЛЕР. uem a s 
20m = 3888) + И ог И*-3#2\, +/020=0 (2) 


Determine the roots of this cubic equation. Г еї V -392V, +/0202F 
As indicated by the graph, there 
at two real positive roots fo F=0 
72.652 or V, =/8.3 € Thus, 
Q=A, V = (im) V, , or 
Q= 2.08 4° ог @=/# ^ 


The negative root (V, #0) has по 
physical meaning. 


b) Include head loss (f 20.02): SHEEP y= As = (2 ме А EE 


12.0 52.0 =/// 
“20m =(1+оод4®0т- Хи?) gea + 2р т A 


Thus, 
4 у - 0,3990, +1.034=0 Џеј б= И°-о.зўв\, +/.оз#. determine 


Va that gives 6-0 
As indicated by the graph, there 
is no positive real root. Hence, " 


the flow cannot occur with 
W. = 400kW. 
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*8.92 In some locations with very "hard" water, a scale can build 
up on the walls of pipes to such an extent that not only does the 
roughness increases with time, but the diameter significantly de- 
creases with time. Consider a case for which the roughness and di- 
ameter vary as e = 0.02 + 0.01¢ mm, D = 50 (1 — 0.027) mm, 
where f is in years. Plot the flowrate as a function of time for f = 0 
to ¢ = 10 years if the pressure drop per 12 m of horizontal pipe re- 
mains constant at Ap = 1.3 kPa. 


+ = ёж Uu У y, where Z,*Z, , V, «Ve «V, and 
Tho aP = رم‎ P =/,3 kPa 


A /2.т 
PL is 2g 6, or 13x10 tA scat aman) ег s (00A =3) 


fV?= Q. «я 0.020), where Ё ~ «yr. WẸ 
Also, 38 V[aosti-o. o24)] 
on J 412x1076 SU u 
_ (0.02 40.014) 
$= So(]-0.021) _ 


Finally, from the alternate formula., £2: 8.352, 


г chr (ЗА) + E] и 


For 01/0 yr р obtain £ 5 from £q.(9) and solve Egs. (1) (2) and) 
for f V, and Re. Then Q=VĄ = nope 0.024)? 


or Re = #¥8x/0"( /-0,024)Y 


ge 196 x10 “tim 0.021) V "where Q~ Ve з Ж (5) 


Eo ns (2)-(5) were used in a MS Excel s preadsheet 
is in Jferee on the Solution. 
( LJ 
диез > o, V— м Ке S, Frew = Fouess 


No 


The 5p ead s he «tz hesults аге, Sheousn be lw along 
With a plot of the data. 


Insert a guess value (e.g. f = 0.02) in the f(guess) cell. A new f value will be calculated 
in the f(new) cell. Use this new value as the updated f(guess). Continue until f(guess) = f(new). 


1? 
< 
5 


elD f(guess) V, mis Re (пем) Q, m^3/s 
4.00E-04 0.0243 6.67 E-01 29758 0.0243 1.31E-03 
6.12E-04 0.0249 6.52E-01 28496 0.0250 1.23Е-03 
8.33E-04 0.0257 6.35E-01 27195 0.0257 1.15E-03 
1.06E-03 0.0264 6.20E-01 25998 0.0264 1.07E-03 
1.30E-03 0.0271 6.06E-01 24845 0.0271.  1.00E-03 
1.56E-03 0.0279 5.90E-01 23692 0.0279 9.37E-04 
1.82bE-03 0.0286 5.76E-01 22625 0.0286 8.75E-04 
2.09E-03 0.0293 5.63E-01 21595 0.0293 8.16Е-04 
2.38E-03 0.0300 5.50E-01 20602 0.0300 7.61E-04 
2.68E-03 0.0307 5.37E-01 19643 0.0307 7.08E-04 
3.00E-03 0.0315 5.24E-01 18686 0.0315 6.57Е-04 


оомо тлом ~ O 


ЕУ 


1.40Е-03 


1.20E-03 +- 


1.00Е-03 


8.00Е-04 


6.00Е-04 


4.00Е-04 


2.00Е-04 


0.00Е+00 
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Nozzle diameter 
= 7.5 mm 


8.93 Water flows from the nozzle attached to the spray tank shown 
in Fig. P8.93. Determine the flowrate if the loss coefficient for the 
nozzle (based on upstream conditions) is 0.75 and the friction fac- 
tor for the rough hose is 0.11. 


FIGURE P8.93 


2 2 
5 tz rf f + Brz.+(f$ X , where уд. - 50kA, p,=0, 
Z -08m,2Z;- ج‎ x =(1.9m) sin = /,22 m, V, =0, 


V- 3 , and = (AV (5) V (Бле у= ки 
Thus, with {= ol d К, = 0,75 £9.¢1) gives 


ISoxl0 ha р у с 
0.0157; 2098125) 


———,;.- + 0.8m = + + ОЛД 
E m = [22m (# (sem, 


or 
V= 3.02 Z 


Thus, Q=AV= Z (0.015m) (3.092) = 5.48 xlo герт 


8-86 


8.94 When the pump shown in Fig. P8.94 adds 0.2 horsepower to 
the flowing water, the pressures indicated by the two gages are 
equal, Determine the flowrate. 

Length of pipe between gages = 60 ft 

Pipe diameter = 0.1 ft 

Pipe friction factor = 0.03 

Filter loss coefficient = 12 


EFIGURE P8.94 


Aa En VEU 
EA, 2,=2,, М = 
So, hp = й, (1) 
The pump adds 0.2 hp of ower. 
E 550 fide fel 
W = 0.2 hp x a jo fz 


— 
سے 


Convert to hed by: 


hyp = № - yo рт 


Sub га (1) 


Z (a 2. 
LZ- (f f +K) = (в) SA 


к 0° "EP E where A (ОТ)? 2353079 
e+ Eku 
_ 1.7% Unt] Совхоз)“ 
(0.03 €9- + а) 
Q? = 2.3254 Jo7* 
O = 0.06/15 ^ 76 
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8,95 


8.95 Water is pumped between two large open tanks as shown in 
Fig. P8.95. If the pump adds 50 kW of power to the fluid, what is 
the flowrate passing between the tanks? Assume the friction fac- 
tor to be equal to 0.02 and minor losses to be negligible. 


Diameter 
D = 0.5 т 


Pipe length = 600 m 
H FIGURE P8.95 


With =8 =0, V,=V2=O, and z,7Zs 


z 
he aR suae 5 (1) 
With the Pump add 50 KW of Power 


W = 5Ox /0 W = 5p QY 


ho = _20х/0° _ 3.10 

Р GENS) ә 
Sub into (l) 

ete et ad @* 

Q F$ 27 = 294 


Q? = a where Az X (as]* -Q hm? 
Thus 


"9? = 5.10(a)(0.5) (7.51) (0.197 
(0-02) (606) 


= Q. /COA 
Q = 0.543% 


or 
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8.97 


8.97 The pump shown in Fig. P8.97 delivefs-a head of 250 ft 
to the water. Determine the power that the pump adds to the wa- 
ter. The difference in elevation of the two ponds is 200 ft 


Pipe length = 500 ft 
Pipe diameter = 0.75 It 
Pipe roughness = 0 


PITT Ё 
трае: " 


m FIGURE P8. 97 


2. 2. 
£z, + -h +h, = £ n+ в 
where 4-4, =0, U =4. =0 , Z, =0, Я, =2001 ho = 25011 


Thus 
? 2. Z 2 2 
- tex -F keh +h, = Z2. so that with Eki NY HS San, 
y* LP 
500 E UN » 
E aor) ~/2.8| za) MPO eem 
or М 
( (647? +/2.8)V а" 
e ? Er: V (0. 757. 
Also, Re = P = (.5# P > +) 
2.34х/0 i 
0r ft 
(2) 'Res£azxo* ү 
and trom Fig, 8.20: 
«Еу 
€ 
z Re (1) fi (2) 
Arial and error solytion. Assume f = 0.02 — V 211 = —Re = 6, 9x10" 


=> f= 0.0/2 +0.02 
TENE 0.02 9. ууз, Ж.А 
Thus, V= /2.¢ fi P 


W = fQ h bo (62.4% i>) 2 (оо? (12.4) (25014) = 855x10" 4 


Ss 


4 (3) 
e = 77x10 — f= 0.0/2/ = 0.0/2 


= LSS xN" А, |= = /55 hp 


Alternatively, we could replace Eg. (3) (the году chart ) by Eq 8.35 
(con't) 
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(con't) 


(the Colebrook equation) and obtain Vas follows. 
From Eq. (1) 


V= [ 3220/(557f +12. ej. which when combined wh Eq. (2) gives 


Re = 6.22x0 ” [3220 /( Be72.) А 3.43/0 / (467 f +12.) 
Also, the Colebrook و‎ with £/b <0 is 


Ts = -2.0 log ( 222 Re RF) 
By combining Eqs (¥) and (s) we obtain a single equation involving only f: 


2.s1(667 f Ba 


T A 
Wee ПЁ 53 моё JF 


Using a compute root-finding program to solve Eq (6) gives 
f = 0.0/23, consistent with the above rial and error method. 
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8.98 Water flows through two sections of the (2) АЧ 
vertical pipe shown in Fig. P8.73. The bellows 
connection cannot support any force in the ver- 
tical direction. The 0.4-ft-diameter pipe weighs 


f = 0.020 i i 
0.2 lb/ft and the friction factor is assumed to be P L^ 0.20 Bit 
0.02. At what velocity will the force, F, required 
to hold the pipe be zero? deci ug Ru 


From the momentum equation applied to the 
control volume indicated 
fof Wio- “pipe = (М-М) =0 eM у= if (2) 
_ WirotWpipe SPA +L (GL 
Thus, p= ج‎ = ES | 


OF 
‚20: = a дь 
qz Ut + aa 24.594, where p, gi,4 ff | ње 
Also, | $4 
2 2. 
d Mes z= бъз E r2, EB , where Pat V 


у= =, 2,70, and 2,=2 
Thus, Р, s YA +o, 


or when combined with the above force balance result 


p +f tov" = OI 1152] 


| 2 T 2 D(LS?) — | 2(04)(459) _ ft 
That 15, fer ELSI ОГ V= аре = 0.94) (0.02) = 5.73 
Note: This answer [з independent of the pipe length, L. 


8.9? Water is circulated from a large tank, through a filter, and 
back to the tank as shown in Fig. P821. The power added to 
the water by the pump is 200 ft · Ib/s. Determine the flowrate 
through the filter. N 200 tt. of 0.1-ft-dia 

pipe with &/D = 0.01 


4 +2 + Mth, = E HESS (HE ze )zz 
where 
Ph, V =⁄2=0, and Z,= Z; 
Also, W, = гел, or 
h. = RC NM 408 
Р, + s (Flot) У 
Thus, Eq. becomes 


228 = ( 2004 ¢ +(0.84+5(1.5) +12+6 +/)) ily 


or 
ү? М /3./3 
(f +0.01365) 


i i 
= = = 4 егу Рон) or Re = 82901 


2.34х10 5 lbs bes 


5 


Trial and error solvtion: 

Assume f= 0.04. From Ep. (2), V= 6.26, from Eq. (3) 

Re = 5.20x/0*, Thus, from Fig. 8.20, f = o. 039 + 0.04 

Assume {=0.039, or V= 6.291 and Re =5.2/*10 and f =0.039 
(Checks) 


Tlws, Q=AV= F (0.194) (6.29) = 0.04943 


Alternatively, the Colebrook equation ( Eo. 8.35) could be used 
rather than the Moody chart. Thus 


(con't) 
8-22. 


(con't) 


T = -2.0 log (£0 + 25 Ree ), where from Eq (2) б) 


f = (/3.13//3) - 0, 01365 (5) 


Thys ^s combining Eas. (3) (4) and(s) we obtain the following eqyalitn 
for V 


y 
| 13.13/y 2) - 0.01365] “2-20 log 20 0.01 | 2,51/{ 8290V)((13.13/V3)-0. оз Ж] 


Using a computer rool- -finding program gives the solytion to Eg.(4) as (д 
Y- 6.29 8 


, te same as obtained by the above trial and error method, 


8./00 A certain process requires 2.3 cfs of water to be deliv- 

ered at a pressure of 30 psi. This water comes from a large- 

diameter supply main in which the pressure remains at 6() psi. 

If the galvanized iron pipe connecting the two locations is 200 ft (1) 

leng and contains six threaded 90? elbows, determine the pipe 

diameter. Elevation differences are negligible. D 


2 
м 2 +2, = 25 + E @ t$ к” P where f= 30psi , fF 60 psi, 
= ,۷20ر و‎ = ۷= 9 = gat. = 243 Н with DoH 
ин 
Arp (fÉ +h tev 
(во -зо) Bs (pug inoff (2920) + £(15)40.5) (22 2i gy (£X: nse 
where we have used 
Sha = 6 UNT T Кайла = 6(1.5) 40,5 
Thus, 
49,4 = (| + 14.08) 
Also, 3) p DEM 
Де = V2 = ( 2 = ЯГЫН. ог He = 2.42۸0 ү 


and from Table 8.1 
pu 0.0005 fl 


— 


„ D D . 

Finally, trom Fig. 8.20: р - 

Trial and error solution of bun 
Eqs. (1) 22, (3), and (9). for 

f, D, $, and Re. D 
Normally it is easiest to guess a value off calculate D, etc. In this case 
(because of minor losse), Eq.(1) is not easy Te use in this fashion. Thus, assume 
D, calculate f (£g. 0), Re (Eg. (2), and § (Eg. (3). Look up f in Fig. 8.20 
(Eq.(#)) and compare with that from Eq. 0n, 


Assume D=0.#ft , Thus, f= 0.00557, Re= 6.05х10° Е 0.00125 
or from Fig. 8.20 {= 0, 02/ # 0.00557 


Assume О = 0.54. f= 0.0551, Re = 800° Е = 0.00] or f = 0.0203 #0,065/ 
Assume D= 0.051. f= 0.02 43 , Re -5:38X0*. f = 0,001 or f = 00205 + 0.0243 
Assume D =0.4¥4ft; f=0.0/97, Re =.5.50х/0* £ =0,00//¢ or [=0.0205#0,0197 
After enovgh trials obtain D= 0.442 fl 

Note : Jf Fig. 8.20 (£e. (¥)) /s replaced by the Cole brook equation 


(con't) 
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this problem can be solved as follows. 

Thus, from Eq. (1), 

f = (49.405-D)/19 so that with the Colebrook egvation (£g P.38), 
when combined with Eqs. (2) and (3) gives 


Е D ‚51 
її = 72:9 log (+ zar) 


or 

e] = log] 2227 ; n. 

Using а сотре reci- Finding rovtine gives the solution to Eg. (5) as 
D= 0,442 fl which is the same as that obtained by the trial and error 
method above. 


8.10] Water is pumped between two large open reservoirs ‘ (1) (2) 
through 1.5 km of smooth pipe. The water surfaces in the two 

reservoirs are at the same elevation. When the pump adds 20 kW V 

to the water the flowrate is 1 m/s. If minor losses are negligi- | ъ D i^ 
ble, determine the pipe diameter. 


| mam A 
KE Wu y gy ӨЛ УУ yy / 


Azih th - =h = £2 +224 where f "f=, Ие zn 
Thus, 


D 0° N-m/. 
(1) h, = fj, where h,= FA = 2200 d 


——V Eque = 20 
(9.80x10 2 Iz) 


and 4 
b= tbh with у=} = F = LE mh with dem 
Hence В 
1 3m (L23/D*) m/s? 
в) h f معا‎ DENT. = 1233 (/D* m 


From Eqs ()and(2), 2.04 = 123.9 f/D' or f= 0.0/65 D^ 
(з) р= 2.27 5 


A 
z pyb NL S 225/0") Da 


ХТО УЗ fa ud 
(€ Re= Ту 


Finally, with €/b =0 the Moody chart (frg. €20) is the final equation. 


IS f С. 
| re 


Re 
Trial and error solvlion of Eqs.(3) (4) and t5) for f Re, and D: 
Assume f=0.02 so Ee (3) pues. D=2.27 (0. 02)" = |, 7A and Ege) 
gives Re = 1.14x10/1,04 = |,]ох0°, Thus, from Ед (5) f= 0.0/5 which 
is not едра! to the assumed f=0.02, Thy again en f20.0NS which 
gives 0 =0.93/ т, Re = 1.22x10* and f=0.0113 #0.0115. One final 
Fry with f= 0,0113 gives 0 =0, 927m, Re #/.23х/0* and f= 0.013 
as assymod. Thus, D=0.927m. 


An alternate method is to Use the Colebrook formula (£q(8. 35) 
rather than the Moody chan] (Е46)). Thus, with £/D = 0 , 


(con't) 
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[ &/oi | (сот?) 


Eo (8. 35) IS 
TF = -20 log ( RETF) which when combined with Egs- (Y and (V) gives 
Er ze I 2.51 D 

O авв) 8 Р 0000 | 7,7#%10%(0.0165 DYE | 


Using a computer rocl- finding program 1o solve Eq (6) gives 
р = 0.926 which is consistent with the trial and error solvijon 


given above. 
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@./02, Determine the diameter of a steel pipe 
that is to carry 2,000 gal/min of gasoline with a 
pressure drop of 5 psi per 100 ft of horizontal 
pipe. 


he + +з, - +% +e thoy P where 2,=2. and M-V. 
Thus, 
#@,-#%» = f۶ рү? А fet Fin em соне 


"m. т: A 
y-$- Goog n б) RUPEE) s у. non Н with D-H 


#0 

Hence, Eq. (I) gives: 
2. 
К. = (109) (1.32 HEZ H) 


D- it shte (53 ft 
1.32 557 ft) pg 
Also, Re = $2. = ше ж 


апа 
5 =s 5 where D- fl 


Finally , the forth eqvalion is the Moody chart £ 
(or the Colebrook equation) bi 


Note: 4 equations (P), (0, 0) and (5)) and 
# unknowns (T, Е, D, Re) 

Trial and error solylian : 

Guess f= 0.02 > D- 0,567 

Thus, the e Valve 


is not correct. * 2./5 xpos 
es 
Guess f= О. омир > D= 0.5344 2 


Re 


(3) Ве = 2.03x/0 
Ta б f= 0.0/48 +002 


an. Е £ 20.000265 


a E 
f = 0.000281 


7 f= 0.0150 0.049 
D 
Thus, D= 424 (0.0150) 5 = 0.535 fl 


By using the Colebrook equation , Eq, 8.35, ralher-Than the Moody chart 
Eq, (6), we have 


MEE D. 


uc 0. oes 2.54 D 
(Ж WHITE ч o log] 2.02008 + TIET Б//.з#)5% | 
Using a computer Mons program to solve Eq. (6) gives 020.535 f4 
which is consistent with the above trial and error solvtion. 


ait | which, using Eqs (2), (3), and (vi is, 


8-28 


8./D3 Water is to be moved from a large, closed tank in 
which the air pressure is 20 psi into a large, open tank through 
2000 ft of smooth pipe at the rate of 3 ft/s. The fluid level in 
the open tank is 150 ft below that in the closed tank. Determine 
the required diameter of the pipe. Neglect minor losses. 


4-2oo0f] 
Ez d 25 i Pag +f thy {, 
where 
V=⁄2=0 , Z,- 2o =/50 fl апа р = 20psr, f. =0 
Also, 
у= 4. 4з 3.82 where Vr ¥ 0-1 
p 


Thus, d (1) becomes 


(20 liueta) ME EL 


62.4 Ts “Б 2(32.2 1%) 


(285 


3.82 5 
к s adit. 


Trial and error solution: 

Assume f-0.02 so from Ро (2), 0) 20.5401 and from Eg.(3) 

Re 2 .87x/0$, Thus, from Е;9. 8-20 (with $=0) f-0.03 $002 
Assume {=0.0/3 which gives D=0,495 H Re = 6.40 10° and f =0.0/15 
Assume f «0.025,50 D«0.99/f, Re =6. УУ, АЙ {= 0.0/2.5 (Checks) 
Thus , D-0.99| fl 


А! Їеглаїе/у j the Colebrook equation, £g 8.35, rather than the Moody 
chart Р Fig. 6:20, coyld be used qs follows: 


(con't) 
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(con't) 
With E/D=0, Eg. 8,35 Is 


TF = -2.0 log (2.51 (Re IF )) where (4) 


from Eq. (2) f= (D/1.18)° (5) 
Thus, combining Eqs. (3), (4) and (5) gives 

1/ (0/118) = -2.0 log [2.s1/((3.17x105/0) (D 71.18) ] (4) 
Using а computer root -finding fechnigue gives the сой to £g. (4) qs 

D = 0.492 ft, whichis consistent with the above trial and error solvtyon. 


8-/00 


8./04 Rainwater flows through the galvanized 
iron downspout shown in Fig. P8./09 at a rate of 
0.006 m?/s. Determine the size of the downspout 
cross section if it is a rectangle with an aspect 
ratio of 1.7 to 1 and it is completely filled with 
water. Neglect the velocity of the water in the 
gutter at the free surface and the head loss as- 
sociated with the elbow. 


gu y FIGURE P8,/64 
2) = ё} ag +22 FEE, Р where f = f, -0, V, =0, АЫ (1) 
zr. p and Ӯ, =0 


- И - ST» = I. <i 
А, D D, 2 (17h + b) L26h h 
= Ё = AE = ube 06353 чи Z where h~m Ь = 1.7һ 


Thus, from Ёд.) » 
бәл = (1 Zim )) ( 2.5340 э5зчо ду Г T x) 


p FAT = ТАШ, З r e 

From Table 8.1 = = ET = wi ‚ where h~m (3) 

and T _ (o.o0sss ^2 )(I. 26hm) p е 3970 (4) 
9 з 112x10 2È h 

Finally, from Fig. 8.20 : 

Trial and error solution of { ia BN (5) 

Eqs. (2) (з) (4), dnd (5) for ‚Ча. th 

fh, Re, By < mt umo 


Assume hs 0.04 m » from (2) f= 0.11 from (3) $ = 1.07 х/б? 
and from (+) Rẹ = '223x/0*. Hence, from d #=0, nis * 0, /// 


Assume h= 0.03 m ; from (2) f= 0.0227, Ё. = 40x10" and Rey 13240 

Hence, from (5) f= 0.0290 40.0227 

Aseni h= 0.025m; or f= 0.00677, 5 = # nis Reg = 1.59410" 
Hence, from (5) f= 0.03035 0.00677" 

Assume h= 0.035 m; or {=0,0546. Б = 3. yoxi? ^ 
Rep = 413x105, Hence trom (5) f= 0.0280 


Plot f from Eg.(2) and f fram Eg. (S) as 
a function of Л, Solution is м the 
two curves Intersect. 


Thus h = O. 03/ m and &=/,7(0,03/0)) 
07 0,03/ m бу 0.053 т. 


(con't) 
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This problem can be solved using the Colebrook equation, Eg. ®,35, 
rather than the Moody chart, Fig. &22 as follows’ 
From Е. g. 8.35, 


à xd 
jr = -2.0 log (522 + fef ) 


where, trom Eq. (2), 
f= (6.4/xl0°hS-h) / 5.55 


Combining Egs. (з) (8), (4), and (7) gives а single equation for h : 
| 
[ (6.#/10*Һ°- р) /5, ss] 


цеб 25) _ ____ 
-2. ооду уу Ey ae 3970[ (6.4/x/05h>-h)/5.55] j 


Using a computer root- finding program gives h =0.0313m, which is the 
same as that obtained by the above trial and error method. 


8-/02. 


*8./о5 Repeat Problem 8./e^lif the downspout is circular. 


| 
Ф+ uz = + 27 ЛЕТЕ hE wim ду “= =0, у= 0,7 у 


Z,-97m,andzZ.-O Thus, Z, = (1414 ЗА or 


(407 (2X8) = E » 
Hence, with V ED or аа) „ 200764 , £.) becomes 


79,9 = (1 ‚Даши, 


Or f= 1956 [0° DS - 0929 D. , where D~m 
Also, Re = ¥2 = (OED _ __0.00764 В 
ы (12x10 622) D 
= авыл " 
orio? 


From Table 8.1 £- = OLE go that £g. 8.35 becomes (4) 
+ 


a 
fT =-2.0 Jog) -£ x] or when combined wih Egs. (and (#) 


a See 405х105, 2.68x/0 ^D (5) 
а Байы жт. 
Solve Egs. (2) and (5) for fand D as follows: Substitute f from 


Eq. п into Eq, (5) to obfain а single equation for D: 


405x105 , 3.68x10 * D 
(1956x105 DS - 04428 D) ^ 


RUE гон) ig |25 
Using a computer root - finding í @ chnigve gives 
D = 0.0445 m 


8-/03 


8./67 Air, assumed incompressible, flows through the two 
pipes shown in Fig. P8/0%. Determine the flowrate if minor 
losses are neglected and the friction factor in each pipe is 0.015. 
Determine the flowrate if the 0.5-in.-diameter pipe were re- 
placed by a l-in.-diameter pipe. Comment on the assumption, 
of incompressibility. 


FIGURE Р8./27 


Aih +z = hy th, + Beg +R, where V,70, Zo 7 Za, 70, 
4= "ve fee, hhh б ‚ ad V=% B =) = EE) y, 
T hus, = (1) > -0.25V, 
Bhs eae 

fox +e pt (o25 +] Ё +1] 1 н Р 
4 Po ог б=т fo. (отни) _ „ыш 


7o ў (17/6 ft-lb )(1s0+#60)°R ink: f^ 
рд R 
and f,= f= 0.015 Eg, (2) gives ii 


(0.52, (44-25 Lt!) = 4 (0.00209 522 )ү? Q 015 (FE oo. 25) + гон )+ 1 
Y= 90.4% B Thus, @=% = EGEA) (0.48) =0.123 f£ 
Lf both pipes were |in. diameter, then VW =V and Ea Oh douane: 
pur oV [f 4 +E +1] or with ff, Bh, and = 
=0 Sr +] 


e 
(0.5 3S Ib ee = + (0.00209 aa) у “]о.огв( se ja] 
Or 


W-9L7 É Т, Q=A Va = TER) (91.78) = ЖОРА 
Since р = ORT it follows that 


fs = S At Г we assume h=% (i probably will mol be, 


2 


but it should be a reasonable approximation ) then 


© a Б = EET =0.967 The flow is nearly incompressible. 


3-1 OF 


*8./0 8 Repeat Problem 8/07if the pipes are galvanized iron 
and the friction factors are not known a priori. 


FIGURE Р8./07 


Td, gv de e = 20°22, fh* =0, ДЫ (1) 
hy, =f,4 D, A 2 h,= £4 D2 2g 5 А and у= z z- -(siyy -025V, 


Duc Eq.) becomes 
@ =} easy "T X. 


“a= teu, олау 2 (2) 


With д=е, ВТ, or @= = OSI +E MATE) огол Sl 


5 (1716 FA Niso+4s0)'R н 
Eq, (2) becomes 


(od n f) = d (aono FO oos E+) +] 


6,89x/0" = V," (15 f, *ugof, +1) 


Also from Table 8.1 , 5 = 20208 0.0008 = 0,006 


0.0005 ft es 
nd = 2 —" = 0,0/2 
а $, zi ft 
and 


Re, = $+ UD m. = А , where from Table B.3 


-21 2 
d е быр Эё -4 ff 
7 Qo = 0.00204 3l = 2,00Х/0 S 


Hence 
3 0.25 V2) (75 ft) 
Ве, = dos MURS = [04 V, 


d 
py. = Me eft) 
2 


2,00XJ0 PE 
For turbulent flow Eq 8.35 gives TF =~2.0 og] 2 " 


=208 ү, 


By combining Egs. (4) through (8) we obtain 


2 | 


[ -3 
те --2.0log|l.62 
ўс о, 62xl0 + n 


and -2 
MN i T m 03 1,21х10 
"m 2.0 DE 24 X/0^ 4 "үр A ] 


(con't) 
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A computer trial and error solution method gives the solution to E gs. (3) (9) 
and (10) as‘ 

f,= 0.0425 f,=0.0¢¥6 and V,=5 47 В 
Thus, 


= Va = BO Ww Xy (547 0) с zxr P 


Д D, =D, , then V=% 2, f, =}, since É = $, = 0.006, and 
Re = = fle, = %Ь 2 № (rz f) = Lá Vy 


a ee MAT 


2.00х10 т 
Thus, Еа, (1) { ox 


Po FZE ГЫ 9 )*i] 
or 
(0.5 (mee 5) = +(0.00209 и) у? [f 221) )+] 
Нерсе, 
6.99 x10" = V^ [#80 f +1] 
ird from £e. (8) 


a4 6-03x|0? 
V 7722 10 [вама + SPARE | 


2 [l2 


А computer solution of Égs. (Nand (12) gives 
f= 0.0351 and № 7622 if 
Thus, 


Q =A, V, = 2021 = F (EH) (62.2 $) = 0339 C 


Note: Since #0 = oRT it follows that 


f 4 3F 


fo Te If weassume Ts * To (it probably will о} be, 
but it M АН a reasonable approximation) then 


"M 147 psi 
f = f^ = а = 0.967 The flow is nearly incompressible. 
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8,110 


82110 The flowrate between tank A and tank 
B shown in Fig. P8.//0 is to be increased by 30% L| 6-in.diameter; 6-іп. diameter; 
(i.e.. from Q to 1.300) by the addition of a sec- OBR ique 300 fj long 
ond pipe (indicated by the dotted lines) running 
from node C to tank B. If the elevation of the 
free surface in tank A is 25 ft above that in tank 


B. determine the diameter, D, of this new pipe. = j= TTT WNG 
Neglect minor losses and assume that the friction Diameter D, 500 ft long 
factor for each pipe is 0.02. FIGURE P8. //o 


Wilh the single pipe Ы A. G +24 Pe. Le, Ve М ez TE к id А x 
where fh= ра 0 TH ee aed Zg әд 
and V =V TEAN D, =D), 


2 
Thus, z= f, uon 2, ог 25 f} = (0.02) (600+500) ft V 
! 


(É fi) 2(32.2 11) 
"V -6.05f Hence, Q-AM = Z (Efi) (6.05%) = 1188 £ 


With -the second pipe Q = = Ass (Lugo T) =) 5h 
Thos, Q,=15#£ = 0+0 or Y= $ -3 iE = 78,8 


н) 
For fluid due ii ^ lo B throvgh pipes pes 2, 
Z4 = А+ att A +{, A EA (see Ey. (D) 


or 
5 ft = (0.02) £008 (2848F , оой — Vs" 
а шын (KA) 2(32.2 ff) + (0.02) 0). (ER) 262.2) 


weet | 
Q= И = FÊ Н) (2.50) =0.5// Æ 
Thus, Q; =Q- Q - 15e -0 su = лозі 
For fluid flowing from d o8 "reyi pipes land 3, 
و2‎ = hy, th, = Ж Z + 22 , where № = 5 NOE fat 


Thos, j 
Е боой (7 ge Ey Soot UE 
25fl = (0.02) (EH) 2 (32.241) ' +(0.02) D, 2022 ft) 
or 
D, = 0. 6624} 


Note : With the parameters given, the solution is quite sensitive to 
round off errors in the calculations 
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8.111 The three tanks shown in Fig. P8.111 arecoanected by pipes 
with friction factors of 0.03 for each pipe. Determine the water ve- Elevation = 
locity in each pipe. Neglect mmor losses. 850 ft 


BFIGURE Р8.111 


Assume the flow from both tanks A and B is into tank C, or Q,- Q tQ, 
Thus, ED; Va = £D +{ ДМ, , or 12M = 104  LI* V, 
Hence, Va = 0.694 V, *O.8v0V, a 
For Ње. flow j^ A nls Hg “Pz =0, Y =U. 70, we obtain 


2= LY 25 ‚ог 39ft =80511+ ; KM a Soren + боон. ү 
or 


33 = 0.372 V? * 0.233, 
Similarly for Је flow “р eM with fg* «0, = =0, we obtain 


y 03 0 Hy 
p ж +, G 2 £5 23,0 8500 = “908 + zd ану, V4 oor Vs di 


ut 20.296 ve. * 0,233 у (3) 
Thus, 3 equations (01) (2), and(3)) for И, Vs, and Vs. Solve as follows : 
Subtract (2) from (3) lo obtain 
12 =0,296 Vè - 0.373V? 

From (2): V, =¥ 144.6 =1.6 02 or when combined with (12: 
[01.61.80 = 0.698 M 10.840V,. or V. = {200 -2.27V,* -0.826 V, 
Combine Eqs. (#)and (5) to obtain: 


- aS aUe 2 0.373 
0:292 =| 200 -2.27V,* -0.826 v] = rr А which can be simplified to 


V [гоо -2.27W* 246.5 -L725M* Ду squaring this equation we 
oblin (afler simplification) : 
+ 2. 79, 
V" - 101.5 +177 =0 ence: y?« 101.5 3yloLs? -4(1774) _ ien 


Thus, V, 0.89 $Ë or ¥= #73 Ё eet 
Mole: The M 28.84 solution is an exlra root introduced by squaring £q. (8). 
I! not a solution of the original Egs. (1), 02) (3), For this valve, £e. 0) 

becomes 894/200 - 2.27(8.99*) = 965-1725 (8,89), op ‘402 -40" 


- 214 
Thus V,= 473€ , from Eg (2) № = dd 


(2) 


0.233 
and from Еф.) Vys 0350690479) = 9.35 # 


—— 


10.3 Ё i 
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Elevation = 60 m 


8.1^2. The three water-filled tanks shown in Fig. 
Р8.//2. are connected by pipes as indicated. If 
minor losses are neglected, determine the flow- 
rate in each pipe. 


FIGURE P8.1 
Assume the fluid flows from А 108 and Atoc. Thus, Q, = B +0, 
or 2 (олп) V, = #(о.овт) V, + #(о.овту V, 
" V = 0,64 Vp to.6 V, 
For fluid flowing from A foB with f fa =0 and = Ve 
m pA № ү EA 


№ у; 
20 = Ze t / 5 z 
or 


2 
60m - 20m = (0. سے ور‎ 2000 200m» V 


КЕКС + (0.020) Св) ) zs 
Hence, 
“0= 1.529 V? +2.55 V 
Similarly, for 4 rat trom А toC with ffe =0 and Vs Ve =0, 
24 Z- rus ERA 
2 2 
bg e Pd. 200m VW . 400m) Va _ 
& m = (0.05) 24814) Le (soem 2(4810) 
Hence, 
60=/,529V,? +5.10 Vy 
Solve Egs. (1),(2), and (3) for И, №, and Va, From Eos. (1) and (3): 
60-1529 (0.64) (V, + Y4) *5/0 V^, op 958 = (++ &J*V" 
Subtract Ёо (2) from Ea, (2: 
60-40 = 510+ 2.55 Vs" or V, - [2 V? - 7.84 
Thos, from Egs. (4) та (5): g yy “+ (fov? -7.84 м) - 95.8 =0 
This can be simplified 1o 
2V4 | 24-294 = 103.6 -ILPM^ Square both sides and 
rearrange to give V, — 10,6202 + 42.5 =0 which can be solved 
by the quadratic formula to give 
ميم‎ 
И = 19.634 | 1963 — 4 (02.5) = [1.77ог 7-86 Thus Ү= 3.432 


or ГА = 2.800 


| (con't) 


6-104. 


(con't) 


Note: The value \,=3.43% is nol a solution of the original equations, 
Eas. (1), (2), and (3). With this value the right hand side of £9.06) 
is negative (ie. 103.6 - ILE W^» 103.6- 11.14 (3.43) = - 245), As 
seen from the left hand side of £9.(6), this camo Бе. This extra 
roo! was introduced by squaring Eq. <4). 

Thus, Q,= AsV, = (0.08m)* (2.90%) = 0.014) 

Also, from Eq, (3): 


60=1.529 02 +5.10 (2.80f or V= 3622 

3 
б Q, = Аү = Z (олот) (3.62 2) = 0.02842 
and from Eg. (): 


3.62 = 0.64 V, +0.64(2.80) ог М, = 2.86% 
or 


3 
Q, = Aa Ve = Z(0.08m) (2.862) =0.0143 £ 
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5113 (See “Deepwater pipeline,” Section 8.5.2.) Five oil 

fields, each producing an output of Q barrels per day, are con- 

nected to the 28-in.-diameter “main line pipe" (A-B-C) by 16- 

in.-diameter "lateral pipes" as shown in Fig. P8.113 The fric- 

tion factor is the same for each of the pipes and elevation effects 4 

are negligible. (a) For section À— B determine the ratio of the Q 

pressure drop per mile in the main line pipe to that in the lat- BFIGURE P$/!3 
eral pipes. (b) Repeat the calculations for section B-C. 


For any ot the pipe sections ар = iu 29 ‚АЙ +o f 


2 hh 2 2 p 
(a) Thus, Afas = OMe fas Ty, and 20 * He Vat foi 78, , Where fa = fut 


Hence, 
Ар / ж _ (V4 / Dno ) 
AP ici fa bad ( И / ба) 
Also 
Ов = 3Q so that F Dre Vg 3 Dus Vis or Vi, Mai = 3 (Dig / Dy). 
Thus, Eq. (1) becomes 


of he ns ECN 2а) СТА 


гу )= 0.548 


УЛУДУ 


Dag 28in, 


(b) Similarly, for section 8С: 
AP ec bac = ог fZ Dac so that 
Арас Пас (Vac / Dac) 
ара hat (Vip /Djat) 


Also, 
Qec = 5Q4 , or ММ = 5 (Ош с). so that Eg. (22. becomes 


/4 : з HE 
els “| (BE) | (t) ose) #25) = ва 
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8./16 . AQ2-in.-diameter orifice plate is inserted in a 3-in.- 
diameter pipe. If the water flowrate through the pipe is 0.90 cfs, 
determine the pressure difference indicated by a manometer 
attached to the flow meter. 


Q às Co A, ү › where 


Also, 
Re = ya P where Vena = 
p: 


Thus 
, (268 (i) -— | | 
ТТ a Hence, from Fig.B.41 : C= 0.608 


so that, 


0.9 £ - (o.609) Z (2, fj UE 
Кан i-i 


or 
a us IB l 
f£ =3590 T =249 b, 


8-112. 


8.1/7 Airto ventilate an underground mine flows through 
a large 2-m-diameter pipe. A crude flowrate meter is constructed 
by placing a sheet metal ** washer’’ between two sections of the 
pipe. Estimate the flowrate if the hole in the sheet metal has a 
diameter of 1.6 m and the pressure difference across the sheet 
metal is 8.0 mm of water. 


2 (0.008 m) (4.80 x102) 


disli- Gom) | 


(1) 
yér s.m. 0F Де =1.37x10°V where V» (2) 
S 


Trial and error solution : 
3 
Assume CL, = 0.61 so that from Еа, (I), Q =295 (0.61) =/8.0 2 


From Eq.(2), Re = 1.37х10° (5.73) = 205 x|0? 


This Re and @ give C, = 0.6/ (see Fig. 8.41) which agrees 
with the assumed valve. 


3 
Thus, Q =/8.0 2 


8-13 


or (b) 80°С. 


8.118 Water flows through a 40-mm-diameter 
nozzle meter in a 75-mm-diameter pipe at a rate V t 
of 0.015 m?/s. Determine the pressure difference —/D-0.075m d=0.04m 
across the nozzle if the temperature is (a) 10 °C, 4 
=U, 5- 


(f ب‎ 
Q-C, An E, where e-i- 
Thus, ET 
3 2 "f^ 
0.0158 = C, Ё (0.04m) rtt esten 


or 
C, JA f. = 8.090* where e^ E, bi 
Also, p. = YD Р pons ый We 


= Р: ae 
a) Assume 7= /0C or ат Table 8.2: das , y= 1.307x) 56° 
Thus, _ ({3.#0@)(0.075 т) 
&307х]0 B 

C, = 0.986 
From Eg.(0* 0.9860 fj fa = &o9( 999. 7 or f, f = 6. 73xj0* B, 
Thus, 


-195X/0* so that from Fig.8. 43: 


Р, £673 kPa 


7 


b) Assume 7 = ВОС, of trom Table 8.2 10-9718 9, Y =3.65 KIO m 

Thus т 

3 a ^ 

Rie = (2:702 ШЫНА) _ 6 994105 so that fram Fig. 8.48: 

3.4&&х/0 2 
Gy, = 0.99/ 
L 

From Ee): 0.99 [p;-pa = 8.09(971.8)* or д-р = 6. #9 ОЬ, 


Thus, 
D f 6*8 kPa 
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8.119 Air at 200 °F and 60 psia flows in a 4- 
in.-diameter pipe at a rate of 0.52 16/5. Determine 
the pressure at the 2-in-diameter throat of a Ven- 
turi meter placed in tlie pipe. 


=C, Ar ت‎ where e-£- 25 =0.5 andtQ=0,52 2 а) 
| in? 
Als, p= fF = (60 HIH) узуу 


3 slug 
RT (1716 £:2)(200+460)"R 
so that T 


fi? 
5 -3 slu ft 
ð= 0g = (74ax10 жа») uc 

US 5.524 5 2 21 دد‎ 

Q 0.246 №, 2.// + m ZD E (4 ny 5 
Also, from Table 8.3, a 449X190 T so tha 
Rs ev. (263 хо 2959. X222) aH) -137x/05 
4,49 X10 FP 

Hence, from Fig. 8.45, 
C, = 0.98 


Wm p га 2| 2(A-f2) 
н Ea. (1) (| Boll - (48 (Bf) (7:6зх1072 $142 )(|-0.5*) 
fÓ „= 348 LB ( 7 x) = 0,242 E 


Thus, р, = (60-0.242)psia = 59.76 psia 
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8.120 А 23-in.-diameter flow nozzle is in- 
stalled in a 3.8-in.-diameter pipe that carries water 
at 160 ?F. If the air-water manometer used to 
measure the pressure difference across the meter 
indicates a reading of 3.1 ft, determine the flow- 


rate. 


Q= CA Fp " where e-d = iie -0.658 () 
From Table B.I: p= =/996 SIE pe ‚= 9.32510“ 153 so that 


ey. (Less HEDY el н) 


Де = 
-ő [bes 
хо 
8.32 FE 


or 
Re = 7.22х[0 "V, where Y~ Ẹ (2) 


Also, with Q= Zp*y Ед (0) becomes (using P, -z =  h): 


Spy y- a| 22-2 (816 FFG.) 1 
HBH’ V= С, Z(z5p) ЕЕ (1886 5 )(з.г 


(1.896 sigs )(1-0.658") 


or 
V = 6.79 Ch (3 


Trial and error solution using Fig. 8.43 for Сп = (Re, 8-O456): 
Assume Cy=0.99 From £9.03) V- 6.78 (0.99) 2 6.7) £ 
From Eq. (2) Де= 7. 22.х/0*(6.7/Ё) = #8#х/05 which tram 


Fig, 8.43 gives C,=0.99 (checks with assumed value) 
Thos, V-&7IE and Q- E^ V- Z(3St) (6.2/8) = 0.529 £ 


8-//6 


8.121 А 0.064 m-diameter nozzle meter is installed in а0.097 m- 
diameter pipe that carries water at 60°С. If the inverted 
air- water U-tube manometer used to measure the pressure dif- 


ference across the meter indicates a reading of 1 m, determine 
the flowrate. 


a: 
) @=б nt | 2A , where e+ d f= oe =0,660 


From Table 8.2: р = 983.2 5 ‚ LET) pt ANS so that 
А ED. unii yfo 097m) 
Ке = E 
4, 665 KIO 


5 
Re = 2,04 Xl0 V. where V~% 


Also, wiih Q= 


4 
( d= 0.06%m 
) E 


EDV and р-р, 20h =pgh= 983.2 a is (9.81 H 
= 9.65x10 Ж 


equation (1) becomes 


: з №, uA 
1 (0,097 m) = 6,2: (0. меу] ی‎ ae | 2 


(723.28) (1-09) 
or 


Trial and error solution using Fig, 8.43 for C, 7 C, (Re, 870.440) 
Assume C, = 0.99 From £9.03) V 72.4 (099) 2.12.2 
From Ез, (2), Re = 2.04x10 (2.12) = 4, 32 х105 which trom 


Fig. 8 #3 gives C= 0.99 which checks with the assumed valve. 
Thus V= 2.12 7 and Q-Z 7 p’y= 2 (0.097m)* (2. 12-22) =0. 01574 


8-117 


8./22 Water flows through the Venturi meter 
shown in Fig. P8./22. The specific gravity of the 
manometer fluid is 1.52. Determine the flowrate. 


Q=C, A; SPE, where 6=+ -4 -= 
Also, 


pte fa * YU -h) *YSOh or р-р, = 0(56-1)һ = 09 (s6-I)h 
Hence, 
20e2(Se-I)h 
Qe GA ete or А 
2(32.2%»)(152-1)(% Н) 
Q- c, ан к, 


Thus, 
Q=0.1198C, Assume C,=0,98 so that Q=0./198 (0.28) - 0.17 ££ 
Hence, 


fF 
0.117 
“з = 0.596 so 
Va zy - Z($ Шү E 596 S that 


Re = VD „ (05468 £5 (ef) 


— — = 


“ 
SUE о HE RHO 
1.21x10 ^5 2 


From Fig. 8.45 at this Де, Cy 70.76 +0.98, the assumed valve. 
Hence, assume Cy = 0.26 г 


Q= NONE: с gud Verf. «юз 


Fay 


Therefore, р, = - osse) =2.42x10" so that from Fig. 8.45 


Cy 0.96 Checks with assumed valve. 
3 
Hence, 0 = o. Ë 
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8.123 Water flows through the orifice meter shown in 
Fig. P8123 at a rate of 0.10 cfs. If d = 0.1 ft, determine the 


value of Л. 


FIGURE P 8. 123 


Q- "SA LES where e-£- $870 ‚Дд -%=їһ#@#һ 0 


Also, 
50 “BP Fa -458 Кү, that 


Re = yn (se (ÊD „ = 6,3/ ху Hence. from Fig. В 620,616 
ETT р 


7 
There from Eq. (): 


2B) 
0.10 $È : =(0,614) Жон E x or hz5.77fl 
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8.124 Water flows through the orifice meter shown in 
Fig. P8./23 such that h = 1.6 ft with d = 1.5 in. Determine the 
flowrate. 


FIGURE P8. /2 | 
Q- GA HEE , d - LS = 0.75 and gg Th gh 
Thus, 


L 
i 2| 2 p(32.28)0.68)]? 
Q zi C, Ж (Кең) | e (1-0.25*) | 


2 Vb. VER) a sene ү сЕ 
Y 121х105 £P /, , where V Zp 7 .BQ 


Trial and error solution: 
Assume C, = О. 6; or from Eg. (1), Q = 0.151 (0.6) = 0.0906 g 
Hence, from £9.(2), V 65.8 (0.0924)- 4. 15 and Re =5.73x10% 
From Fig. 8.41 with this Re and 6, С,= 0.62 # 0,6 (the assumed valve) 


Assume Co= 0-62 ог Q- 0151(0.62) = 0.0936 Üg Thus V- 45.8 (0.0936) 
ог V=4.29F and Re =5.92х/#, from Fig, 84l , C= 0.62, the 
assumed Valve. 

Hence, Y= 0.0936 Е 


8.125 The scale reading on the rotameter shown in Fig. P8.125 
and Video V8.14 (also see Fig. 8.46) is directly proportional to the 
volumetric flowrate. With a scale reading of 2.6 the water bubbles 
up approximately 3 in. How far will it bubble up if the scale read- 


ing is 5.02 к 


2 FIGURE РЗ. А457 


Ў y* а y? 
PEL E -h = Éz +z, E 


where 


f. "fa, 2,-0, И =0, so hat with no lasses (hz z0) 


1. 
(1) zs = 2, 
For the rolameter Q =K*SR where SR =scale reading and 
Thye K 1's a constan? 
y=- = ER so Hat when combined will 50) 
KR) _ K*(2.6)° Кік} 
А2024) = وکر‎ or A (29) ” 2 4) and A, A, (2g) * = д 
By dividing these two equations, 
2 
[i E. or д = 0.926 fl = /1/15, 


(2.07 (AF) 


à Ul 


8.2& Friction Factor for Laminar and Transitional Pipe Flow 


Objective: Theoretically, the friction factor, f; for laminar pipe flow is given by 
f = 64/ Re, where the Reynolds number, Re = pVD/p, is based on the average velocity, V, 
within the pipe and the pipe diameter, D. Also, the flow is normally laminar for Re < 2100. 
The purpose of this experiment is to use the device shown in Fig. P8.126 to investigate these 
two properties. 


Equipment: Small diameter metal tubes (pipes), air supply with flow regulator, rotame- 
ter flow meter, manometer. 


Experimental Procedure: Attach a tube of length L and diameter D to the plenum. Ad- 
just the flow regulator to obtain the desired flowrate as measured by the rotameter. Record 
the manometer reading, Л, so that the pressure difference between the plenum (tank) and the 
free jet at the end of the tube can be determined. Repeat for several different flowrates and 
tube diameters. Record the barometer reading, H,4,, in inches of mercury and the air tem- 
perature, T, so that the air density can be calculated by use of the perfect gas law. 


Calculations: For each of the data sets determine the pressure difference, Ap = Yh, 
between the plenum pressure and the free jet pressure. Неге Ym is the specific weight of 
the manometer fluid. Use the energy equation, Eq. 5.84, to determine the friction factor, f. 
Assume the loss coefficient for the pipe entrance is К, = 0.8. Also calculate the Reynolds 
number, Re, for each data set. 


Graph: On a log-log graph, plot the experimentally determined friction factor, f, as ordi- 
nates and the Reynolds number, Re, as abscissas. 


Results: On the same graph, plot the theoretical friction factor for laminar flow, 
f = 64/Re, as a function of the Reynolds number. Based on the experimental data, determine 
the maximum value of the Reynolds number for which the flow in these pipes is laminar. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Rotameter 


Ш FIGURE P8./26 


(comt) 


#-/22. 


| 8.126 | (con't) 


Solution for Problem 8./26: .Friction Factor for Laminar and Transitional Pipe Flow 


L, in. 
24 


h, in. 


Hamm, in. Hg 
28.9 


Q, ml/min 


D = 0.108 in. Data 


7.5 
6.75 
6.26 
5.54 
4.66 
4.29 
3.92 
3.48 
3.21 
2.34 
1.86 
3:151 
0.63 


6600 
6200 
6000 
5650 
5150 
5000 
4860 
4600 
4500 
3700 
2900 
1800 
1100 


D = 0.046 in. Data 


9:52 
7.68 
7.08 
5.26 
3.39 
2.61 


560 
475 
425 
315 
221 
165 


D = 0.063 іп. Data 


4.58 
3.32 
2:51 
1.48 
0.86 


925 
680 
530 
325 
190 


р = Patr/RT where 


Thus, p = 0.00223 slug/ft*3 and y = p*g = 0.0718 tb/ft*3 
Also, н = 3.83E-7 Ib s/ft*2 


Theoretical for laminar flow: f = 64/Re = 64/(pDV/1) 


T,degF 
73 


Q, cfs 


0.003887 
0.003652 
0.003534 
0.003328 
0.003033 
0.002945 
0.002863 
0.002709 
0.002651 
0.002179 
0.001708 
0.001060 
0.000648 


0.000330 
0.000280 
0.000250 
0.000186 
0.000130 
0.000097 


0.000545 
0.000401 
0.000312 
0.000191 
0.000112 


V, fps 


61.11 
57.40 
55.55 
52-31 
47.68 
46.29 
45.00 
42.59 
41.66 
34.26 
26.85 
16.67 
10.18 


28.58 
24.24 
21.69 
16.08 
11.28 
8.42 


25.17 
18.50 
14.42 
8.84 
5x17 


Re 


3202 
3008 
2911 
2741 
2499 
2426 
2358 
2232 
2183 
1795 
1407 
873 
534 


638 
541 
484 
359 
252 
188 


770 
566 
441 
270 
158 


Рат = YH20"Hatm = 847 Ip/ft^3*(28.9/12 ft) = 2040 Ip/ft^2 
R = 1716 ft ib/slug deg R 
T = 73 + 460 = 533 deg R 


Theoretical 

Re f 
100 0.6400 
2100 0.0305 


Ap/y = (fL/D + К, + 1)(V^2/29) where K, = entrance loss coefficient = 0.8 and V = Q/(xD^2/4) 


(con't) 
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(con't) 


Problem 8, / 26 
Friction Factor, f, vs Reynolds Number, Re 


Lj 

0.10 
€ Experimental, D = 0.108 in. 
* Experimental, D = 0.046 in. 
@ Experimental, D = 0.063 in. 

— Theoretical, laminar 
0.01 
100 1,000 10,000 
Re 
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8./2? Calibration of an Orifice Meter and a Venturi Meter 


Objective: Because of various real-world, nonideal conditions, neither orifice meters nor 
Venturi meters operate exactly as predicted by a simple theoretical analysis. The purpose of 


this experiment is to use the device shown in Fig. P8./27 to calibrate an orifice meter and a 
Venturi meter. 


Equipment: Water tank with sight gage, pump, Venturi meter, orifice meter, manometers. 


Experimental Procedure: Determine the pipe diameter, D, and the throat diameter, d, 
for the flow meters. Note that each meter has the same values of D and d. Make sure that the 
tubes connecting the manometers to the flow meters do not contain any unwanted air bubbles. 
This can be verified by noting that the manometer readings, h,, and ho, are zero when the sys- 
tem is full of water and the flowrate, Q, is zero. Turn on the pump and adjust the valve to 
give the desired flowrate. Record the time, f, it takes for a given volume, V, of water to be 
pumped from the tank. The volume can be determined from using the sight gage on the tank. 
At this flowrate record the manometer readings. Repeat for several different flowrates. 


Calculations: For each data set determine the volumetric flowrate, О = У/т, and the pres- 
sure differences across each meter, Ap = y,,h, where Ym is the specific weight of the manome- 
ter fluid. Use the flow meter equations (see Section 8.6.1) to determine the orifice discharge 
coefficient, Coe, and the Venturi discharge coefficient, Cy, for these meters. 


Graph: Ona log-log graph, plot flowrate, О, as ordinates and pressure difference, Ap, as 
abscissas. 


Result: On the same graph, plot the ideal flowrate, Он (see Eq. 8.37), as a function of 
pressure difference. 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


84/25 


_ 8.122 | (con^) 


Solution for Problem 8.]27': Calibration of an Orifice Meter and a Venturi Meter 


d, in. D,in. V, gallons 


Ideal 
0.625 C -1 


{ve in. in. Apo. Ib/ft*2 Ap,, Ib/ft^2 Q, ft/s C. C, Ар, lb/ft^2 
27.0 \ 48.4 19.8 0.0099 0.611 0956 18.0 
13.2 192.9 75.4 0.0203 0.626 1.001 75.5 
34.2 ? Р 28.6 9.9 0.0078 0.627 1.067 113 
16.6 | 124.3 52.5 0.0161 0620 0953 477 
12.0 ; | 224.6 94.1 0.0223 0638 0985 914 
11.7 | | 266.8 112.8 0.0229 0600 0923 96.1 
15.4 145.1 58.2 0.0174 0.618 0.976 55.5 
25.1 52.5 21.8 0.0107 0631 0.978 20.9 
20.4 8 76.4 32.2 0.0131 0.643 0.990 31.6 
17.3 | 111.3 452 0.0155 0629 0986 440 
15.7 l 138.8 58.2 0.0170 0.620 0.957 53.4 


Average discharge coefficient: 0.624 0.979 


orifice venturi 
Q = V gal/t s x (231 in.^3/gal)x(1 ft^3/1728 in.^3) 


Ар = үнго*П = 62.4 Ib/ft^3 *h ft 


О, zA2/[1 - (A2/A4)^2]^0.5*C,*(2*9g* ^p,/v420)^0.5 
and 

Qo =Az/[1 - (A2/A1)^2]^0.5*C,*(2*g*ABo/1420)^0.5 
where 

A, = 1 D^2/A = л (1.025/12 ft)^2/4 = 0.00573 ft^2 
and 

А, = п d^2/4 = n (0.625/12 #)^2/4 = 0.00213 ft^2 


Co c cC C аана аа 
Problem 8,127 
Flow Rate, Q, vs Pressure Difference, Ap 


* Experimental, orifice | 
в Experimental, venturi | 
——Theory, C = 1 


100 
Ap, Ib/ft^2 


8-126 
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8.428 Flow from a Tank through a Pipe System 


Objective: The rate of flow of water from a tank is a function of the pipe system used 
to drain the tank. The purpose of this experiment is to use a pipe system as shown in 
Fig. P8.12% to investigate the importance of major and minor head losses in a typical pipe 
flow situation. 


Equipment: Water tank; various lengths of galvanized iron pipe; various threaded pipe 
fittings (valves, elbows, etc.); pipe wrenches; stop watch; thermometer. 


Experimental Procedure: Use the pipe segments and pipe fittings to construct a suit- 
able pipeline through which the tank water may flow into a floor drain. Measure the pipe di- 
ameter, D, and the various pipe lengths and note the various valves and fittings used. Mea- 
sure the elevation difference, H, between the bottom of the tank and the outlet of the pipe. 
Also determine the cross-sectional area of the tank, Aang: Fill the tank with water and record 
the water temperature, T. With the pipeline valve wide open, measure the water depth, A, in 
the tank as a function of time, t, as the tank drains. 


Calculations: Calculate the experimentally determined flowrate, Q. from the tank as 
Qe = А, dh/dt, where the time rate of change of water depth, dh/dt, is obtained from 
the slope of the A versus г graph. Select a typical water depth, А, for this calculation. 


Graph: Plot the water depth, A, in the tank as ordinates and time, f, as abscissas. 


Results: For the pipe system used in this experiment, use the energy equation to calculate 
the theoretical flowrate, Qu, based on three different assumptions. Use the same typical water 
depth, ^, for the theoretical calculations as was used in determining Q,,. First, calculate Qu, 
under the assumption that all losses are negligible. Second, calculate Qn if only major losses 
(pipe friction) are important. Third, calculate Q,, if both major and minor losses are important. 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Fittings 


Ш FIGURE P8. '/2* 


(con't) 
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(cont) 


Solution for Problem 8.128: Flow froma Tank Through a Pipe System 


The pipe is galvanized iron with threaded fittings. 
The system contains: 


D, in: 
0.595 


h, ft 
1.00 
0.90 
0.80 
0.70 
0.60 
0.50 
0.40 


one sharp edged entrance 
one fully open globe valve 
two 45-deg elbows 
four 90-deg elbows 


Arank, М^2 H,ft Total pipe length, іп. Т, deg F 
0.654 1.00 135 71 


Experimental: Qe, = -(dh/dt)*Azank = -(0.0074 ft/s)*(0.654 ft^2) = 0.00484 ft^3/s 


Theoretical with no losses: Q = V2*A2, where when h = 0.90 ft 


V; = (2g*(h + H))^0.5 = (2*32.2*(0.9 +1.0))^0.5 = 11.06 ft/s 
and with А, = nD^2/4 = 1*(0.595/12 #)^2/4 = 0.00193 ft^2 
Ох = 0.00193 ft^2*(11.06 ft/s) = 0.0213 ft^3/s 


Theoretical with major losses: Оһ = V2?*A;, where the energy equation gives 


h+H= №,2/29(1 + fL/D), where again use h = 0.90 ft and f is a function of Re and ғ/0 
Thus, with h = 0.90 ft, 
1.9 = (V7/64.4)*(1 + f*135/0.595), ог 
122.4 = М,2"(1 + 227f) 
Re = V;D/v = V2*(0.595/12 ft)/(1.04E-5 ft^2/s) = 4768*V; 
and 
е/0 20.0005 ft/(0.595/12 ft) = 0.0101 
Trial and error solution: Guess f, solve for V2, calculate Re, obtain new f from Moody chart 
The solution is: f = 0.041, V; = 3.44 ft/s, Re = 16,430 
Оһ = 0.00193 ft^2*(3.44 ft/s) = 0.00664 ft^3/s 


Theoretical with major and minor losses: The energy equation gives 


h + H = (1 + #00 +EK,)V2/29 

where ZK, = 0.5 + 10 + 2*0.4 + 4*1.5 = 17.3 

Thus, with h = 0.9 ft 

1.9 = (V2/64.4)*(17.3 + f*135/0.595), or 

122.4 =V."*(17.3 + 2270) 

Trial and error solution gives f= 0.42, V; = 2.14 ft/s, Ке = 10,200 
Q = 0.00193 ft^2*(2:14 ft/s) = 0.00413 ft^3/s 


* As an altemate solution method, use the Colebrook equation (Eq. 8.35) rather than the Moody chart (Fig. 8.20) and 
use a computer root-finding technique to solve the equation. 


(сол?) 
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(cont) 


Problem 8.123 
Water Depth, h, vs Time, s 


* Experimental | | 
[~ Linear h vs t | | 


8-124 


p 


8.129% Flow of Water Pumped from a Tank and 
through a Pipe System 


Objective:  Therate of flow of water pumped from a tank is a function of the pump prop- 
erties and of the pipe system used. The purpose of this experiment is to use a pump and pipe 
system as shown schematically in Fig, P8.12 4o investigate the rate at which the water is 
pumped from the tank. 


Equipment: Water tank; centrifugal pump; various lengths of galvanized iron pipe; various 
threaded pipe fittings (valves, elbows, unions, etc.); pipe wrenches; stop watch; thermometer. 


Experimental Procedure: Use the pipe segments and pipe fittings to construct a suit- 
able pipeline through which the tank water may be pumped into a sink. Measure the pipe di- 
ameter, D, and the various pipe lengths and note the various valves and fittings used. Mea- 
sure the elevation difference, H, between the bottom of the tank and the outlet of the pipe. 
Also determine the cross-sectional area of the tank, A,,,x. Fill the tank with water and record 
the water temperature, 7. With the pipeline valves wide open, measure the water depth, Л, in 
the tank as a function of time, f, as water is pumped from the tank. 


Calculations: Calculate the experimentally determined flowrate, Qe», from the tank as 
Qu = —Atany dh/dt, where the time rate of change of water depth, dh/dt, is obtained from 
the slope of the h versus f graph. 


Graph: Plot the water depth, Л, in the tank as ordinates and time, г, as abscissas. 


Results: For the pipe system used in this experiment, use the energy equation to calcu- 
late the pump head, hp, needed to in order to produce a given flowrate, Q. For these calcu- 
lations include all major and minor losses in the pipe system. Plot the system curve (i.e., 
pump head as ordinates and flowrate as abscissas) based on the results of these calculations. 
On the same graph, plot the pump curve (i.e., ^, as a function of Q) as supplied by the pump 
manufacturer. For the pump used this curve is given by 


h, = -244 x 105 Q? + 5100 - 12.5 


where Q is in ft?/s and h, is in ft. From the intersection of the system curve and the pump 
curve, determine the theoretical flowrate that the pump should provide for the pipe system 
used. 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Ш FIGURE P8./21 


(con't) 
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8.124 | (cont) 


Solution for Problem 8.124: Flowrate of Water Pumped from a Tank and Through a Pipe System 


The pipe is galvanized iron with threaded fittings. 
The system contains: 

one sharp entrance 

eight 90-deg elbows 

two 45-deg elbows 

two globe valves 

one union 


D, in. Atank: Ї^2 H,ft Total pipe length, in. T, deg Е 
0.625 0.647 3.50 242 62 


Pump equation System equation 
ts hp, ft Q, ft^3/s Re 
0 12.50 0.000 0 

76 12.31 0.001 1 2070 
16.1 11.63 0.002 | 4140 
25.2 10.46 0.003 3 6210 
32.3 8.80 0.004 Р 8281 
40.8 6.66 0.005 й 10351 
48.9 4.02 0.006 ; 12421 
TET 0.90 0.007 ; 14491 
65.7 
74.9 
82.7 

Experimental: 

Qey = -Atan*(dh/dt) where from the graph, dh/dt = -0.1204 in./s 

Thus, 

Q,, = -(0.647 ft^2)*(-0.1204/12 ft/s) = 0.00669 ft^3/s 


Theoretical: 

The energy equation gives 

h +h, - hı = Н +V7/2g, where 

hı = (fL/D + УК, )"\/29 = (f*(242 in./0.625 in.) + 0.5 + 8*1.5 + 2*0.4 + 2*10 + 0.08)* V?/2g 
= (387*f + 33,4)*V7/(2*32.2) = (6.01*f + 0.519)* V? 

Thus, with h = 18 in. = 1.5 ft, 

hp =H -h +h, + М/29 = 3.5 - 1.5 + (6.01*f + 0.519)* V^ + V?/(64.4) 

or 

h, = 20 + (6.01*f + 0.535)*V7 

But V = Q/A = Q/(nD?/4)  Q/(n*(0.625/12 ft)^2/4) = 469*Q 

Thus, the system equation is 

h, = 2.0 + ( 6.01*f + 0.535)*(469*Q) = 2.0 + (1.32E+6*f + 1.18E+5)*Q? 

Also, obtain f from the Moody chart with 

Re = VD/v = V*(0.625/12 ft)/(1.18E-5 ft^2/s) = 4414* V 

e/D = 0.0005 ft/(0.625/12 ft) = 0.0096 

From the graph, the pump and system equations intersect at Qn = 0.0051 ft^3/s 
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Problem 8./27 
Water Depth, h, vs Time,t 


Problem 8./2 9 
Pump Head, hp, vs Flowrate, Q 


—4— Pump curve 
—1T— System curve 


TI 
gu 
[IN 


BEDS 
SR SSeS See А E A E 
E Î БЕП БА E КИГЕН ERR ШЕШШ БЫЗ E E a 
E Ор ж EY aaa tee rj 


0.000 0002 0004 0006 0.008 
Q, ft^3/s 


§-132 


8130 Pressure Distribution in the Entrance Region of a Pipe 


Objective: The pressure distribution in the entrance region of a pipe is different than that 
in the fully developed portion of the pipe. The purpose of this experiment is to use an ap- 
paratus, as shown in Fig. P8.13@ to determine the pressure distribution and the head loss in 
the pipe entrance region. 


Equipment: Air supply with flow meter, pipe with static pressure taps, manometer, ruler, 
barometer, thermometer. 


Experimental Procedure: Measure the diameter, D, and length, L, of the pipe and the 
distance, x, from the pipe inlet to the various static pressure taps. Adjust the flowrate, Q, to 
the desired value. Record the manometer readings, A, at the various distances from the pipe 
entrance. Record the barometer reading, Hyan in inches of mercury and the air temperature, 
T, so that the air density can be calculated by use of the perfect gas law. 


Calculations: Determine the average velocity, V = Q/A, in the pipe and the pressure 
Р = Ymh at the various locations, x, along the pipe. Here Ym is the specific weight of the 
manometer fluid. 


Graph: Plot the pressure, p, within the pipe as ordinates and the axial location, x, as 
abscissas. 


RESULT: Use the graph to determine the entrance length, L., for the pipe. This can be 
done by noting the approximate location at which the pressure distribution becomes linear 
with distance along the pipe (i.e., where dp/dx becomes constant). Use the experimental data 
to determine the friction factor for fully developed flow in this pipe. Also determine the en- 
trance loss coefficient, Кү. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


F 
h 
4, 

Water 


Static pressure 


нЕ РЕ 


اہ ع 


& FIGURE P8.130 
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Solution for Problem 8.130: Pressure Distribution in the Entrance Region of a Pipe 


D, in. L, in. Q, #^3/5 Н, in. Hg T,degF 
0.74 50 0.481 29.7 75 
x, in. h, in. p, Ib/ft^2 

0 9.98 51.9 

1 7.21 37.5 

2 6.61 34.4 

4 6.19 32.2 

6 5.82 30.3 

10 5.15 26.8 

15 4.23 22.0 

20 3.64 18.9 

30 2.28 11.9 

40 1.09 5.7 

50 0 0.0 


р = Patm/ RT where 
Рат = Үн Hai = 847 Ib/ft^3*(29.7/12 ft) = 2096 Ib/ft^2 
R = 1716 ft Ib/slug deg К 
T = 75 + 460 = 535 deg R 

Thus, p = 0.00228 slug/ft^3 

V = Q/A =(0.481 ft^3/s)/(*(0.74/12 ft)^2/4) = 161 ft/s 

P = YH20"h 


From the graph, the p vs x results are linear after (approximately) x = 15 in. Thus, Le = 15 іп. 


Forthe fully developed flow portion, dp/dx = -fpV^2/2D and from the graph dp/dx = -0.635 (Ib/ft^2)/in. 
Thus, 
f = 0.635 (Ib/ft^2)/in.* 2*0.74 in./(0.00228 slugs/ft^3*(161 ft/s)*2) = 0.0159 


From the entrance to the exit ofthe pipe Pent = (К, + fL/D)pV^2/2 

Thus, 
К, = 2Pen/(pV*2) -fL/D= 2*51.9 Ip/ft^2/(0.00228 slugs/ft^3*(161 ft/s)^2) - 0.0159*50in./0.74 in. 
70.682 


Results: Lg = 15 in.; f = 0.0159, and K, = 0.682. 


(coni) 
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Problem 8.130 
Pressure, p, vs Axial Location, x 


Ф Experimental 


^ fully developed flow 


—— Linear (fully developed | | 
flow) 


p = -0.635x + 31.4 
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8.131 Power Loss in a Coiled Pipe 


Objective: The amount of power, P, dissipated іп a pipe depends on the head loss, hy, 
and the flowrate, Q. The purpose of this experiment is to use an apparatus as shown in 
Fig. P8.131 to determine the power loss in a coiled pipe and to determine how the coiling 
of the pipe affects the power loss. 


Equipment: Air supply with a flow meter; flexible pipe that can be used either as a 
straight pipe or formed into a coil; manometer; barometer; thermometer. 


Experimental Procedure:  Straighten the pipe and fasten it to the air supply exit. Mea- 
sure the diameter, D, and length, L, of the pipe. Adjust the flowrate, Q, to the desired value 
and determine the manometer reading, h. Repeat the measurements for various flowrates. 
Form the pipe into a coil of diameter d and repeat the flowrate-pressure measurements. Record 
the barometer reading, Hya» in inches of mercury and the air temperature, T, so that the air 
density can be calculated by use of the perfect gas law. 


Calculations: Use the manometer data to determine the pressure drop, Ар = ymh, 
and head loss, А; = Ap/y, as a function of flowrate, Q, for both the straight and coiled 
pipes. Here Ym is the specific weight of the manometer fluid and y is the specific weight of 
the flowing air. Also calculate the power loss, Р = yQh,, for both the straight and coiled 
pipes. 


Graph: Plot head loss, ^j, as ordinates and flowrate, О, as abscissas. 


Results: On a log-log graph, plot the power loss, P, as a function of flowrate for both the 
straight and coiled pipes. Determine the best-fit straight lines through the data. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Air supply 


le = Ш FIGURE Р8. 13] 


(con) 
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Solution for Problem 8.13]: Power Loss in a Coiled Pipe 


D, in. [ Ham іп. Hg Т, дед Е 
1.44 18` 29.9 80 
һ, їп. О, ft^3/s Ap, Ib/ft^2 
Straight Pipe Data (d = infinity) 
10 1.19 52.0 
8 1.06 41.6 
6 0.913 31.2 
4 0.731 20.8 
2 0.505 10.4 
Coiled Pipe Data (d - 8 in.) 
10 0.835 52.0 
8 0.745 41.6 
6 0.641 31192 
4 0.517 20.8 
2 0.357 10.4 


Ар = үнгоћ where уро = 62.4 Ib/ft^3 


h, = Ap/y where y =gp 


P = Patm/ RT where 


Рат = YHg"Hatm = 847 Ib/ft^3*(29.9/12 ft) = 2110 Ib/ft^2 


R = 1716 ft Ib/slug deg R 
T = 80 +460 =540 deg R 


Thus, p = 0.00228 slug/ft*3 and y = 0.0733 Ib/ft^3 


P = (yQh,)ft Ib/s*(1hp/550 ft Ib/s) 


(con?) 


@-/37 


hy, ft 


709 
568 
426 
284 
142 


709 
568 
426 
284 
142 
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(cont) 


Problem 8./3 / 
Head Loss, h,, vs Flowrate, Q 


— Straight pipe 
—ü— Coiled pipe 
0 0.5 1 1. 


5 


Q, ft^3/s 


Problem 8.75 / 
Power, P, vs Flowrate, О 


Ф Straight Pipe 


@ Coiled Pipe 
(coiled) 


Power (Straight 
Pipe) 

— — — Power (Coiled 
Pipe) 


Р = 0.0679Q?°" 
(straight) 


1 10 
Q, ft*3/s 
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9.2 А thin square is oriented perpendicular to the upstream 
velocity in a uniform flow. The average pressure on the front side 
of the square is 0.7 times the stagnation pressure and the average 
pressure on the back side is a vacuum (i.e., less than the free stream 
pressure) with a magnitude 0.4 times the stagnation pressure. 
Determine the drag coefficient for this square. 


The drag Сол be determined vy 
Summing the pressure forces. 4 


D s BA-TA 
= OPV A — (<0.4)(%р/?”)А 
The pressure ол the rear is in Vacuum 
So is negative. 


DLIA tp 
So, | ( 
Cp - A. 


9.3 А small 15-mm-long fish swims with a 
speed of 20 mm/s. Would a boundary layer type 
flow be developed along the sides of the fish? 


Explain. 


,or with £= /5'xJ9 3 К , U= 20x10 72 and 
pz 112 ۸/0 ۶ Ë 7 в, 45.5 "6 EE 


Ras С tout Ene) = 248 This Reynolds number. is not 
| large enough to have irve bondary 
: layer lype flow. (Re ¥ 1000 is often 


assumed to be the lower limit.) 


E ШШ 


Pave = ~1.2 kN/m? 
Tave = 5.8 x 1072 kN/m? 
| 9.4 ‘The average pressure and shear stress acting on the surface 
ef the 1-m-square flat plate are as indicated in Fig. P9.4 U 
Determinethe lift and drag generated. Determine the lift and ago 
if the shear stress is neglected. Compare these two sets of résults. 


Pwe = 2.3 kN/m? 
Twe = 7.6 х 1072 kN/m? 


BFIGURE P94 


Since (рй = uA and SY dA = Tye A it follows that 


T= -,4, sink +, A, sino +7 A, созо +% A, cosa 
or with A,=Az = m^ and &= 7° 


= A, зіла (pp) +h, cosa (+) 
= (1n) sin?” (2.3~(-1.2)) $E * (In) cos 7" (s:8x6 ^ * 26x10 2) ki 
=0.427kN + 0.133 kN = 0.560 kN 

Note, if shear stress is neglected D = 0.427 KN (се, © 


1 


=T =Q) 
Also, L=-p,4, созо +p, А, cose — GA, sink -G A sinat 
= A, cost (p, - p,) -A, sina Ut) 


(1m?) cos 7'(2.3 - (12) 4 „ —(1т*) sin 7 (s:8x?* 26x10 2) kiy 
= 3.47 kN — 0.0163 kN = [3.45 kN 


Note, if shear stress is neglected X= 3.77 КМ 


i 


Note: If the general expressions о = f p cos0 dA +(7- 526 dA 
and &=-|# sinodA +f % cos dA are исе, be careful about 
the signs involved. On the ypper surface рж 

0, = 97° and p and % are positive as indicated pet 7* 

in the figure. On the lower surface Ө, = 277° 

and. p and %, are positive as indicated in the — _ 


lower figure. Cw P 
For example, with this notation <O on the lower сопе. Cg — 
x =-(-12 Ae) sn T7 (Inf) = (аз 4 KM ) sin 272" (1m) 9,7277 


+ (SÊXO A) cos $7' (In?) *(-26x)0* AF) c05277'(1m*) 
= 3.45 КМ, as obtained above. 


*@ 5 


р = -5kN/m? 


*9,5 The pressure diswibution on the 1-m-diameter: circular 
disk in Fig. P9.5 is given in the table. Determine the. drag on 


the disk. 
28 
FIGURE P9.5 
г-2 
0 = | pdf pd = p (2? dr) – р, 20° since dA =20rdr 
Р=р 
Thus, 0.5 т | 0,5 


ð = 2r pr dr -ee FE (In^) =. 


| ° where PA A ‚гет 
Evaluate the integral "T Using The following integrand? 


- lim 27. kN/m Pann): p (kN/m?) 


0 4.34 
Ls д, m 0.05 4.28 
0.10 4.06 
0.10 0.06 0.15 3.72 
0.15 0.558 : ` 0 3.10 
0.20 0.62.0 2 208 
0.25 0,695 | 0.30 2.37 
0.30 0.711 | 0.35 1.89 
0.35 0.662. | 0.40 141 
0,40 0,566. | 045 0.74 
O.^-5 0-333 | 0.50 0.0 


0.50 0,000 ' SS Se 


Using a standard ЖЕРЕ | integration technique with the above 
integrand gives of = 5. #3 u 
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9.4 When you walk through still air at a rate 
of 1 m/s, would yeu expect the character óf the 

. air flow around you to be most like that depicted 
in Fig. 9.6a, b, or c? Explain. 


Re= UL 5 where y= = х/б”. P and /=]@, Assume =l m. 


2018) Um) 
146 xO D 


= &85xi This flow has a large enovgh Reynolds 
number to develop a boundary layer. 
` Thvs, viscous effects would hot be 
important far from your body , except 
in the wake region behind yor. 


Note? The above conclusion is true whether we assume L=/m, =2 m, 
Ё = 0.1 т, of sone other а characteristic length of 


our body. 
The flow vol] be most like that in Fig. 4, Fig. 9.6 с. 


ll c 


9.7. A 0.10 m-diameter circular cylinder moves through air 
with a speed U. The pressure distribution on the cylinder's 
surface is approximated by the three straight line segments 
shown in Fig. Р9,7 Determine the drag coefficient on the 
cylinder. Neglect shear forces. 


40 60 80 100 120 140 160 180 


NFIGURE P9.7 


= (p br cos0 do = br (p coso de 
7 
Ог, 4 | 
= 2br| 0 do | 
or шш | т 


Break up the integration into the following 


three segments: 
) 08270 = [222 rad VEN 


= -7-39 0 +3 20, И where | O~rad. 
f 
ie p] +3 and p| --6 
0-0 


90-4222 


2) 70 s p 00° or 12220 « 1745 rad where 
р = 8.599 -16.5 f where O~rad 


m? 
се. pl =-6 and LEE 
diae 0-795. 
and 
з) 100°<p 5/80" or 1.745 <0<3. /# rad where 
P “hS PA i 
Thws, x 100° 180° 


№, = = 2br е0 ae жЕ -2br|L 5241) o 


where 


(con't) 


9.7 |(con'#) 


LALR 1.222 
= J (- 7390 +3) cos0 dO =[-7.39(cas +8 sind) +3 sinb| =-0. 7! 
0 245 0 1245 
Lg = ( (8.540 - 16,5) cos Ө dO =[8,54(созӨ +0 78 ~ 16.5 sin 9| = -О.2бо 
1.222 
and 3.4 3.14 pace 
I- (C 5) cos9 40 = -/,5 sine| = = 477 
1245 1.745 
Hence, 


dy = 2brẸo.741 -0.260 +1477] = 0.852 br 
or ы 
fe _ 0.852br _ 0.426 
oF pv ~ ipU*(zbr) 200° 
But the pecu al 0-0, the stagnation point, is 33. 
Thus, 4 p3 sg Mal 


№ 


C, = 0126. = 0. /4- 


28 | 


3.8 Typical values of the Reynolds number for various an- 


imals moving through air or water are listed below. For which (а) large whale 10 m/ S 300,000,000 
cases is inertia of the fluid important? For which cases do vis- (b) flying duck 20 m/s 300,000 
cous effects dominate? For which cases would the flow be lam- (с) large dragonfly 7 m/s 30,000 
inar; turbulent? Explain. (d) invertebrate larva 1 mm/s 0.3 
` . (e) bacterium 0.01 mm/s 0.00003 


Inertia important if Re z./ (с.е whale, duck, dragonfly) 
Viscous effects dominate if Res! (i.e larva , bacterium) 


Boundary layer flow becomes turbulent for Ke on the 
order of 10° to 10°(2.e. whale and perhaps the duck) 
The flow would be laminar for the dragonfly, larva, and 


bacterium and perhaps the duck 


7-3 
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9.12 Water flows past a flat plate that is oriented parallel to the flow 
with an upstream velocity of 0.5 m/s. Determine the approximate 
location downstream from the leading edge where the boundary layer 
becomes turbulent. What is the boundary layer thickness at this 
location? 


Reer = $x/0* = Ue 


$. = Же 
Xar = SO SaF (1.190 ^) = ЧА rat 


АЛ 0.5 Ws 
_ ET >”, = lo iR тЫ" lz 
"PN EE - 5 [een MB 2ا‎ 


0.5 "(6 


= VAL: X0 n 


ITN 
! i 


Nae? 


4. 3. - A viscous fluid flows past a flat plate such 
that the boundary laver thickness at a distance 
1.3 т from the leading edge is 12 mm. Determine · 
the boundary layer thickness at distances of 0.20, 
2.0, and 20 m from the leading edge. Assume 
laminar flow. 


For laminar flow ф=СҮХ , where С is а constant. 


PEL 2x/0^m = 0.0105 or б = 0.0105 | x where Х тд” т 


4:14 ^ If the upstream velocity of the flow in 
Problem 9.13 is U = 1.5 m/s, determine the ki- 
nematic viscosity of the fluid. 


For laminar flow J = 5: „эе Де Шо 


Thus, 


50 2 
Рта u )(12x/0 m 


5 (1.3m) 


2 
= 6.650 6m. 
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9.15 Water flows past a flat plate with an upstream velocity 
of U = 0.02 m/s. Deterrnine the water velocity a distance of 
10 mm from the plate at distances of x = 1.5 m and x = 15 т ` 
from the leading edge. 


From the Blasivs solution for boundary ме Flow on а flat plate, 


u=U fí 4d where 1, the similarity variable, 
n= Yor Valves of f (n) are given in an 21 


(à. 02. / 
Since К тк. d E = 2.68 xlo js less than the 
critical Reg = 5 x/0° it follows that the boundary layer Flow is laminar. 


А} X=h5m and yz J0xIU m we obtain: 


-3 0.02 2 
- کلک‎ = 4,08 
M, (loxiv ^m (11210 LE) (L8 m) 


Linear interpolation from Table 91 gives: 


/ 0.3938 -0,2677) 
f = 02697 + (23038 саки) (1.09) - 08) 


Hence, 
ш =U 


Similarly , at X, * 15m and =/0x10°m we obtain’ 
Е 0.022 
№, = (10x19 т) aK ER) (Spy) = 0:345 
S 


Linear interpolation from Table 4./ gives ` 


(0/328 -0.0) _ 
0.0. * “Tae то) (0.345 -0,0) = O, //#5 


f(y) =(0,02 Æ) (0.359) = 0.00718 5 


Hence, 
4 
U2 =U flh) = (0.02 (0.1145) = О, 00229 £ 


4.16 Approximately how fast can the wind 
blow past a 0.25-in.-diameter twig if viscous ef- 
fects are to be of importance throughout the en- 
tire flow field (i.e., Re < 1)? Explain. Repeat for 
a 0.004-in.-diameter hair and a 6-ft-diameter 


: smokestack. 


Re - UD </ or U < + if viscous effects are to be important 
throughout the flow. 


For standard air 27545 7x/o*# 


Трих, 


-4 
157 Х/О T . А 
U < EDT where D fs the diameter in feet. 


object [D,AH | U,& 
twig 2,0800°| Z54xJ0^? 


hair 3.33x10"| 0,47/ 


Smokestack: | 6 262x167 


q-12. 


"^^, 


ر 


9.17. As is indicated in Table 9.2, the laminar boundary layer 
results obtained from the momentum integral equation are 
relatively insensitive to the shape of the assumed velocity: profile, 
Consider the profile. given by u=U for.y > 8, and 
и = U{1 ~ [(y — 3/81? for y = 8 as shown in Fig. P9.17. 
Note that this satisfies the conditions и = 0 at y = 0 and u = U 
at.y = б. However, show that.such a profile produces meaningless 
results when used with the momentum integral equation, Explain. 


FIGURE P9.17 


From the momentum in nlegral equation 
7 б 
бе е - ; where # 7900 - [I - (Y- ny 2070 


Mole: {= i al Y=0 апа. $=! and Y=] ‚ 4з required, 
Also, C, = at a(l- qld Y which сап be evaluated for the given 4(Ү), 


However, 


wi "m 

Go $$] ‚об since f 1-0-0] nar ne 09, 
ae [!1-(Ү-1)*]® 

Thos, | 

С, = 90, which from Eg (0 gives б = 20 

This profile cannot be used since it gives = due to 

the physically unrealistic 2 sy =00 at the surface (y =0), 

See the figure below. 
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4118 Because of the velocity deficit, U — и, 
in the boundary layer, the streamlines for flow 
past a flat plate are not exactly parallel to the ке. Streamline A-B 


plate. This deviation can be determined by use 1 m/s 
of the displacement thickness, ó*. For air blowing . 
‚ past the flat plate shown in Fig. P9.19, plot the - 2727777777777. = 


streamline A~B that passes through the edge of ` i | 
the boundary layer (у = ûg atx = f) at point В. cl RESI 
That is, plot y = у(х) for streamline A-B. As- FIGURE P9.19 

sume laminar boundary layer flow. | ro SESS 


UL 12) (+m) 
S ince Rey v = Da = = 2.7#х/0°< 5 x 107, the boundary 
5- 


layer Tow ve remains laminar along the entire plate. TPN 


5 m 
б 
m 5-5 P^ or 6g #5 шшш Ta) | = 0.0382 т 


5 


The flowrate carried by the acival boundary 
layer is by definition equal to that carried by U U 


a uniform үе locity with | 
by an amount д. Since there is no flow б KS 


through the plate or streamline A-8, б“ 
à VV E 
Qa =0в, or Uy, = (gg U qi) 
where ф = U 
Num) ©, 
i MT | = 0.0/3/5 m 
S 


Thus, 
Va = da “dg = 0.0382 m ~0,0/3/5m = Q.0251m streamline 


Hence, for any x= location 
Qa = f or й» = U(y - -d) 
0 у = у; += y +721 کل‎ 


4 
5m _ 
= 0,025] m + 724 269 = 0.0251 +6,58x/0 |X m, 


where Xm 
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9,20 Air enters a square duct through a 1-ft 
opening as is shown in Fig. P9.20. Because the 
boundary layer displacement thickness increases 
in the direction of flow, it is necessary to increase . 
the cross-sectional size of the duct if a constant 
U — 2 ft/s velocity is to be maintained outside 
the boundary layer. Plot a graph of the duct size, 2 
d, as a function of x for 0 = х = 10 ft if Uisto . See 


remain constant. Assume laminar flow. | FIGURE Р9.20 


For incompressible flow Qo = 4X) where Qo = flowrate into the duct „s 
n | = UA - @}(1н)=2 Ж 
QU) = UA " where A=(d -2 d) the effective area of the 
duct (allowing for the decreased flowrate in the 
boundary layer), 
Thus, 
Qo=U (d-25°) or Д=[#+24', () 


where PA 


€ 2. 2 
VX (157 xió tE) у 


¥ = ~ 
É = LH = 21 NEC EE = 0.0152 VX f} where x~tt 


Hence, from £q, (D 
d= |+0.0304 Vx fl 


For example , 4=1 fl at x-0 and d= 1.096 fl af x= ГОЙ, 


O O 


9:21 A smooth, flat plate of length € = 6 mand width b = 4m 
is placed in water with an upstream velocity of U = 0.5 m/s. 
Determine the boundary layer thickness and the wall shear stress 
at the center and the trailing edge of the plate. Assume a laminar 
boundary layer. 


т? Ы 2‏ 6- ہم 
ота‏ 
ana kg -3 N.S‏ 
3e | (099—3) (1.12107 =‏ 3 
T, = 0.332 U JEE - 0.332 (0.52) (И a (LE ш).‏ 


-3 
Thus, al X=3m ф=7#8Х10` ¥3 = 0.0130 m 
A 0.127. 22 ON 
„= үт ^ 0.07/6 7, 
while af X 26m ф= 748XK/I0 VE = 0.0183 m 
| 0.124 


~ 


- N 
w” TE = 0.0506 "a 


2.22 | 


9.22. An atmospheric boundary layer is formed 
when the wind blows over the earth's surface. 
Typically, such velocity profiles can be written as 

a power law: u = ay", where the constants a and 

n depend on the roughness of the terrain. As is 
indicated in Fig. P9. , typical values are п = ü 

0.40 for urban areas, п = 0.28 for woodland or. . 39d 
suburban areas, and n = 0.16 for flat open coun- 

try (Ref. 23). (a) If the velocity is 20 ft/s at the 120 
bottom of the sail on your boat (у = 4 ft), what 
is the velocity at the top of the mast (y — 30 ft)? 
(b) If the average velocity is 10 mph on the tenth FIGURE P9.22 
floor of an urban building, what is the average" Sac me TUQUE QUIS fenis 
velocity on the sixtieth floor? 


where C is a constant 


(а) u=C y” 


J 


Dus. эй. dandi 0.16 
2 (№ _ ft | 5 1 
z0 or u, 7 203 (Эу = 2768 


(b) и=© y , where Č is a constant 


Thus, Ua Yo со | 0-7 
60 
2 (5. or И, = 10 mph (£) = 20.5 mph 
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9.24 А 30-story office building (each story is 12 ft tall) is 
р ‘built ir ina suburban industrial park. Plot the dynamic pressure, — 


ри 2/2, as a function of elevation if the wind blows at hurricane 
strength:(75 mph)at the top of the building. Use:the atmospheric 
boundary layer information of Problem 9.22 


From Fig, P922 the boundary layer velocity profile is given by 


u~ у, or U=C o where C is a constant. 
0.28 
E ft 
Thos, d =( el U, = 75 mph GER )ro 
or 0.28 


u = НО az] В where у ^ft 
Нерсе, 


0,28 127 
4 ри? = £ (2.3810 she uo ( ae) fi | 


ог 0.56 


feu uu (ahr) Bh where yee 


This is is plotted in the з below. 


у= 30х12 
= 360f1 
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9.25 Show that for any function f= f(y) the velocity 
components 4 and v determined by Eqs. 9.12 and 9.13 satisfy 
the incompressible continuity equation, Eq. 9.8. 


Given И = Ufüp , y = -(- J E {ор - fon) 
where ?= Cab У and ( Ys 


а thot 3% sy =0 for any A 

af df’ 3 эл __ U4y -ê 

RU r =U Ji P1 Where 3x =~ aif Х 
us 5 رک‎ 
s eor [Дн] =~ a 

of 

E [3f (ay ik -E2 
"D pr РӘ] 


me f ы А where ДЕ = 


wu ир. 2 
(эс) (55) = ro А 


By combining Egs. (1) and (2) we see that 
2 + Уу =0 for any function f). 
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for laminar flow past a flat 


rate. the Biasius equation (Eq. 9.14) numerically to 
М Diddy hay i 
| $ with those of Table 9.1. 


9.36 Integrate the Blasius equation (Eq. 9.14) 
numerically to determine the boundary layer pro- 
file for laminar flow past a flat plate. Compare 
your results with those of Table 9.1. 


Solve the following third order different equation by a 
numerical integration technique: 


2 f^«fi"-0. with boundary conditions 3 
f=f=0 al =0 and f) a p (f) 

Write this third order equation as 3 {rst order equations and use 
a Runga- - iffa numerical rechnigue lo integrate thom. Thus, [e] 
yet, ДРЕ, Ye ^e f^, and e f -EHEN 
That ie: | "P 
у= у 
= у; and 
y xd h/ 2 
These can бе ageroximated qs | 
AX = J47. , Ae да? , «а 24 = VAY" 
Stat with y, =у,=0 af p=0. Assume y, 7C al} =0 (where C is 
some given constant) andiptegrate to N=" by y; = yw 12-45, „Аў 
If убо) # |. (Zo, flo) +1) adjust the valve of C (za. моў n 
try again. The two- point boundary valve problem (ie, К) н) 0 
and f fe)=1) i solved by Heralion as an ГА! vale problem 
(ав, fta «19-0, Ро) = C). 


A step size of aJ? =0.0/ was Used , mith O 477 7. That у 700 
steps were Used. A valve of C - 0.332. was fwd to give f o), 
or actually Д “p=. This valve vf С and the corresponding 


velocity profile, 4= £5), shown on the pex! page agree ver 
well Hs the standard valves gen m Table 9. [. А А d 


(con) 
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(conl) 


eta 
0.5000 
1.0000 
1.5000 
2.0000 
2.5000 
3.0000 
3.5000 
4.0000 
4. 5000 
5.0000 
5.5000 
6.0000 
6.5001 
7.0001 


f 


.07E-02 
.55E-01 
,68E-01 
,47E-01 
,93E-01 
. 39E+00 
,83E400 
„ 308+00 
,79E*00 
„28Е+00 
.78E*00 
.28E*00 
.78Е+00 
.28E+00 


Є * 
.66E-01 
.30E-01 
.87E-01 
.80E-01 
.52E-01 
.&7E-01 
.14E-01 
.56E-01 
.80E-01 
.92E-01 
.97E-01 
.99E-01 

+1.00Е+00 
+1.00Е+00 


ert 
+3,31Е-01 
+3.23Е-01 
*3.03E-01 
*2.67X-01 
12.17E-01 
+1.61Е-02 
*1.07E-01 
+6.38Е-02 
*3.36E-02 
+1.56E-02 
*6.41E-03 
+2.32Е-03, 
+7. 36Е-04 
*2.06E-054 
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9,27 


9.27 An airplane flies at a speed of 400 mph at an altitude 
of 10,000 ft. If the boundary layers on the wing surfaces be- 
have as those on a flat plate, estimate the extent of laminar 
boundary layer fiow along the wing. Assume a transitional 
Reynolds number of Re, = 5 X 10°, If the airplane maintains 
its 400-mph speed but descends to sea level elevation, will the 
portion of the wing covered by a laminar boundary layer 
increase or decrease compared with its value at 10,000 ft? 
Explain. 


At 10,000 ft: 


Xe 
(a) Rey, = ye where U = 400 mph (жуг 


hr.) eee tt) =587 11 fi 
5 ті ~7 bis 
-Æ „ $534X0 "Hi. 
and from Table СА, v A 756 ×03 5% 


3 


W 2 
| | ? = 2.огху0 * ££ 
Hence, with Key. = 5х0, 


_и fi 

x = 2 Аб (2.0110 2 ) (5x10) 0.171 fl 

ш т ft „шыг 
U 587 5 


At sea-level: 
(b) Rey, = U Xer where U = 400 mph GHS hr э) з2вон) _ 587 f 


Y 3 6005 т 
and V= /,57 х0 tee 
Hence, "n 
X ZReer _ (157510 = (xl) _ 0.196 f 
d U 587 E 


The laminar boundary layer occupies the first 8.1344 of the 
wing at sea level and (from part (а) above) the first 0.171 ff 
al an altitude of 10,000 ft. This is dve mainly to the lower density 
(larger kinematic. viscosity). The dynamic viscosities are approximately 
the same. 


2.294 


9.29 А laminar boundary layer velocity profile is approxi- 
mated by u/U = [2 — (y/6)](y/6) for y s ô, and « = U for 
y > 8. (a) Show that this profile satisfies the appropriate bound- 
ary conditions. (b) Use the momentum integral equation to de- 
termine the boundary layer thickness, 6 = 6(x). 


(a) ў = #(?)= 2Y-Y' where Ү=у/4 
Thus, £l =O as it must , 7]. = 2-/ = | of U- V al y «d 


7 
у=0 - у* 
as it must 
Also gu = v| 2 -&] so that dij- vl 2-2 =0 


а 
(b) From the momentum integral equation, 
б = E: ,Where C, = و(‎ (g1 and Cz Ti 


{0 
Thes, 
£x [@ї- ү?) (i-2Y *Y*)4Y - ((av- -sY*+4y*-Y*)dY 
=/{-S+/-% = 2 
апа 
-(2-2y| =2 
so that 1< 


oo 20VX 
Ere та 


Hence, БУ Re, = P. : 


á _ y39. _ 544 
X^ YE. Үй, 
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9.30 А laminar boundary layer velocity pro- 

file is approximated by the two straight-line seg- 
ments indicated in Fig. P9.30 Use the momen- 

tum integral equation to determine the boundary 
layer thickness, û = d(x), and wall shear stress, . 
t, = t,(x). Compare these results with those in 

Table 9.2. 


0 2U U 
3 


FIGURE P9.30 


From the momentum integral equalion 


"EA , where С, = ( gl1-9)dY and G= Bl (1) 
О y:O 


4 
hag) with YF, 


For 0sY«Z , g=a,+bY with the constants a, and & obtained from 
#=# at 1-3 and 9 0 al Ү=0, Thus, а, = =O b= چ‎ 
or g=3Y for 0sY«- +4 


Hence, G=$ *— (2) 
Similarly, for ZsY » 2*4 *b.Y with g= $ al Ү= and 
g= / at Y=] 
Thus, 
224,+tb, and 1=0,+, which give q $, E 

or 

-3*$Y for 4#<Y<] yx 
Hence, С, = Uu 3)dY = fira £1)4Y jas Y)(-3-2Y)dY 


1 
К GY-2Y5) dt +-2-( (2ү)01- ray which upon integra- 
a D tion gives 
C, = 0.1574 (3) 


By combining ad (1), (2) andl) we obtain 
44 
б = [SS Mr Fo гек Res = 5? 


Also, 
T= р eu ypy me = 222 _ V2 (0.1574) (4) _ 0.648 
5 за f VR Rex Ге 


9. 31^ Fora fluid of specific gravity SG = 0.86 
flowing past a flat plate with an upstream velocity 
of U = 5 m/s, the wall shear stress on a flat plate 
was determined to be as indicated in the table 
below. Use the momentum integral equation to 
determine the boundary layer momentum thick- 
ness, Ө = O(x). Assume Ө = 0 at the leading 
edge, x = 0. 


Since Ty = eye tt follows that 40 = 555 dx 
which can x integrated to give (using € 70 at x=0) 


2 | Ў 
с eu 3 f dn ` (0,86X1000 &&,) (5 2)? ( Jy dx 


FLA 


, where Өт, x~m, and w” 73 0 


or 
@ = 465x/0 n dx 
0 


For Ox Xs 2.0 m, integrate Eq. () to elelermine © as a function 
of x. Todo so, we need the valve of 1, fe at X70, which is not given 
in the table. Theoretically 7,2% at the Бай. For ovr purposes, 
based on the extrapolated curve below, assume {y= 22 {в at X=0 


x (m) t, (N/m?) 
0 n 
0.2 13.4 
0.4 9.25 
0.6 7.68 
0.8 6.51 
1.0 5.89 
1.2 6.57: 
14 6.75. 
1.6 6.23 
1.8 5.92 
2.0 5.26 


A standard numerical integration technique gives the а results. 
0.0008 рти 


0.0006 +- 


Е 00004 +— 
e 


0.0002 


ü 
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9.35 Water flows over two flat plates with the same laminar free- 
stream velocity. Both plates have the same width, but Plate #2 
is twice as long as Plate #1. What is the relationship between 
the drag force for these two plates? 


Е L 2. j-—f ——>| 
2 = 6100 A п (тя 
Thus =» 
| * | | Plaet2 č |^ 
MA = Cy zeU bor eee por 


an 
d), =C, 201 (245r) or 


De > Cb, (2hur) _ 5 Coa 
1 Cy, Tur Cp, 


(1) 
For laminar flow on a flat plate 
, ,3281V 
G = Tusc where Ke, = Ub so Hal с, = 12290 
Thus, 
E ZW y(i зию) EN 
VV) wi' m (2) 


Hence, from Еос. (I) and (2), 


А 
= == — 1 г), / 
7 2/Tz = LT 
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9.36 Fluid flows past a flat plate with à ding force 9. Ifthe. 
freesweam velocity is ; Will the new drap. force, D, be 
larger or smaller than E and: by what aicut? 


des pU 24 
Tf You. assume that the дошад of U, U, which will 
Change ffe, dees not _ change Cò (see Fig. 9,22), 
then 


D 1л 2А 
he кеч Fe Whee UL-au 
o AE =} | 
A L4 
D = YL, R 
E ы А с 
plate normal to flow 
Mole: 
If the plate is parallel to 
the flow, then C, changes "—— "——" et 
with Re. See Fig. 9,22. plate paralle! to flow 
Thos, N 
D. ie En. Ch ta 
D; C, Uu 
so that a numerical answer 
could nel be obtained without Re 
additional dala abovt the valve 
of Re. 
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9.37 A model is placed in an ait flow sit. agi in vë sad 
then placed in water flow with tlie saine velowity, If the diag 
coefficients are the same between these two cases, nw ae te 
drag forces compare between the two ТН? 


A = f where pu 7? pa 


au >> e. 


uz S 
Tt should be noted that smce ffe = 5, matchin 
Ya and yz Would be difficult. Therc fore ; Д | 
on Shape and veloci , She (p values may Not t 
be. the, same. Mou, this drHrenc would be smal 
Compared £o Jhe deasiry difference. 


Note: M standard condifrons, 
hy р йез УН" 


pm 


"i = 0/5 
a, б —-2.30x)0° clus / A? : 


0-28 


9.38 


9.38 The дгар coeficient for a newly designed hybrid car is 
predicted to be 0.21. The cross-sectional área of the сагі 30 f£. 
Determine the aerodynamic drag on the car when it is driven 
through still aif at 55 mph. 


d a zv A 
8# 5 
eee Шуу: = = 0.7 z _ 
р. ол (B ооз "pa (20.1%) (A) 
D = YE. & ДЬ 


€———MÓ а 


9-29 


9,31 


Lt in eguilihrium, at Coattoat velocity, thes 


| 


9.39 A 5-m-diameter parachute of a new design is 10 be used T Ў 
to transport а load from flight altitude to thé ground with afi 

ayérage vertical spéed of 3 is: The total weight of the 8. 

рагасћаје is 200 N. Determine the approximate drag ‹ 

for the: parachute. | 


ay 
Co = IIA 


= 7 


7 pu A 
_ доом 


"(UPS EY 


Cs =/,8Y 


M 
irre ur TP түн ута PUTA, 


Cy 


The sea-level dew was 540) ёо solve 
Chis problem. C leorly dering the drop у 
P will be Changin j bat the Changes 
are relatively sha ll- 
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9.40 


9.50 A 50-miph wind blows against an out- 
door movie screen that is 70 ft wide and 20 ft tall. 
Estimate the wind force on the screen. 


= Gd 00°, where from Fig, 222 


wil. | 0 
Ты =3.5 we obtain C,» I5 


Hence, js (8220 z 
= Hs(z) (o. (0.00238 St (so ш) a Cor) (ao 


(3400. 
^ s 10,300 ib 
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9.41 The aerodynamic drag on a car depends on the "shape" of 
the car. For example, the car shown in Fig. P9.41 has a drag 
coefficient of 0.36 with the windows and roof closed. With the 
windows and roof open, the drag coefficient increases to 0.45. 
With the windows and roof open, at what speed is the amount 
of power needed to overcome aerodynamic drag the same as it 
is at 65 mph with the windows and roof closed? Assume the 
frontal area remains the same. Recall that power is force times 
velocity. 


Windows and roof ‘Windows open; roof 
closed: Cp = 0.35 open: Cy = 0.45 


8 FIGURE P9.41 


Power = Ф = FV 
The force is the drag force. Let ( ) and ( ), denote closed and д0ел. 


We. want to fad U5 whea 2, = Ф. 
P, =U Do т ЕРОГА.бьь =% =U dX = zp E Ас б. 
The Foatel areas аге the Same, 50 Ао = Ac 
U o. Ue Ge 
Сы. V5 0.36 
U - "Uc (9% ) = (65m ph) ( 9:28)” 


Us =60.3 mph 
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1,42 | 
9.42 A rider оп а bike with the combined mass of 100:kg attains 
a terminal spéed of 15 m/s on a 12% slope. Assuming that ‘the 
only forces affecting the speed are the weight and the’ drag, 
calculate the dig coefficient. The frontal area is 0.9 т. 
Speculate whether the rider is ій те upright ét racing position. 


er Сал Ө = l hoo 70.2 


/00 Q-6.29? 
sin Q «9.19 
é 
rida> 
r W id 
Wene Vat 
Тл equilibrium, £F =O 
£F 20 
Wsm @ = 20 = Су zgU"A, PER W=mg = (100b) 7 S/ Ke) 
С jn © = PIN 
0 = teu 24 
(991N) (0.119) 
OE 15%) (0. C) 
CES of 
Looking at Fig. 7.30, given А ond Ch, the rider 
IS ap night. 


= ien 


9.43 A baseball is thrown by a pitcher at 95 iiph йон 
standard sir. The di&meter of the baseball is 2.82 in. Batimat 
the diag force on the baseball, 


= Q م‎ 
Us ў мәй к É ا‎ - 132 3 7 
Ќе = U2 - (137.3 Fe) ( 22 fe) 
/.57х/0-У tr 
Fron Fig. "f 25, алд A Sig a Smooth Sphere, 
Cy = 0,6 
B -0.5 (5)bocgae а) Hm s^) (E EE) 


D-05006 


= Поўх? 
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9.44 A logging boit is towing a log that is 2 m án diameter 
5 m long at 4 m/s through water. Estiniate thie power requir 
thé axis of the log is parallel to the tow direcion. 


and 
dif 


For power, Ре F.V 

F=f = Су کا م‎ 7A 
For the aspect rafio, D* т amd 7d 
From Рид. 7. 


4. 5-0, So C) =A 95 


D- 0.97 (4) 099) (8) F (=?) 
D= 2[,34!// 
P = DU = (2,3#!,/)(#”®) = 25,700 W 


Note’ The above бу = 0.05 aswmes thal the lag i 
essentially submerged and wave making fs gol 
an important contribution do the drag. 
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9.45 А sphere of diameter D and density p, falls at a steady ' 
rate through a liquid of density р and viscosity pe. If the Rey- ` 
nolds number, Re = pDU/j, is less than 1, show that the vis- 
cosity can be determined from и = gD*(p, — р)/18 U. 


For steady flow Z, F; =O 
or 


D *Ig =W , where Б =buyant force = e9¥= @4(Ф)Т (2) 
W = weight -&gV = 68 (8) (2) 
and 0 = drag = Cy ze zb», or since Re<i 


о = 37 DUA 
Thos, 


srov ert) = ag(#)n(2) 


which can be rearranged to give 


= 3 р? (6:0) 
2181 
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7. 46 | 


cally. 


For case (a): 


o: ze paca BEW ра. 


E case (b): 
y= XOU. 
Thus, 
dad 
dr, = 207 ШЛА 


а = E o, 


9.45 The square flat plate shown in Fig. Р9.Чбаіѕ cut into - 
four equal-sized prices and arranged as shown in Fig. Р.ЧФЬ ¢ 
Determine the ratio of the drag on the original plate [case (a)] ` 
to the drag on the plates in the configuration shown in (b). 
Assume laminar boundary flow. Explain your answer physi- 


Lp = 2 ри? С, p where Cop = 


L328 |7 


EFIGURE РӨ. Чо 


1.328 = 4328 


ҮН үл" and A= Ё? 
= 0.664 oU yr f 0) 


1.329 


E 


and A= ena) = 


Ë = Es (0.864 p US 0 ) (2) 


By comparing Ege. (1) and (2) we see that 


In case (b) the boundary layer on the rear plate is thicker than on 
the tront plate. Hence the shear stress is less on the reap plate than 
it ison that plate in configuration (а), giving less drag tor case Cb) 
than for case (а), even though the total areas are the same. 
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9.47 If the drag on one side of a flat plate 
parallel to the upstream flow is 9 when the up- 
stream velocity is U, what will the drag be when 
the upstream velocity is 2U; or U/2? Assume 
laminar flow. — 


hus, g" 


0= +00“ LBW A = 0.664 PA -F UE og 


Hence, 
oL, 3, 
Н E Dd 
and. А N 
og U 
EAM (g ог Ж О. Stoh, 
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9.49 Water flows past a triangular flat plate oriented paral- 
lel to the free stream as shown in Fig. P9.49 Integrate the wall 45? 
shear stress over the plate to determine the friction drag on one 


side of the plate. Assume laminar boundary layer flow. U = 0.2 ms 
——À 


ЕРОС Рон y 
д = (Ty dA where 7, = 0.332 0 £^ 


Thus, 
3 
D = 0.3320 * ед IE df 


: Х=0.5 y =0,5-Х 
0.3327 [од 2 Í ауа 


Х=о у=0 


Ш 


1 

Pd 

2 2 
3х 


= 02227 fen (2) [o.s cox 


or 
M = 0. 02.94 Л 
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9.50 А rectangular car-top carrier of 1.6-ft 
height, 5.0-ft length (front to back), and 42-ft 
width is attached to the top of a car. Estimate U=60mph «88 £ 
the additional power required to drive the саг pe 
with the carrier at 60 mph through still air com- 

pared with the power required to driving.only the 

car at 60 mph. 


= C, ZeU'A. and “P= Ud = power 
From Fig.9.3! with = =H = 313 we obtain Gy = L3 
Hence, | | af 
0 = 1.3(4)(0.00238 Sê ) (n6 t(«2fi(88 E) = 80.5 Ib 


Thus Л from £g 00) | 
p =(88 f)(8es5 Ib) coda = 1210 AD. 
КУ 


f= 5.08 


a 


0-00 
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9..51 As shown in Video V9.2 and Fig. P9..Sla a kayak 
is a relatively streamlined object. As a first approximation 
in calculating the drag on a kayak, assume that the kayak 
acts as if it were a smooth flat plate 17 ft long and 2 ft wide. 
Determine the drag as a function of speed and compare your 
results with the raeasured values given in Fig. P9.575 Com- 
ment on reasons why the two sets of values may differ. 


For а flat plate = $ eU" Cy, Base: a 
А = I7fl(2. 10) = Зе A? and Cop isa function of Ке, = 2 YE 


UN hi у. > 6 
Кер = 5p 00 U " 


Consider 1 < US“ gf , ог /.40K/0° < Reg < /,/2к10° 
From Fig 245 we see that in this Rey range the boundary layer 
flow is inthe transitional range Thus, from Table 7.3 
Cy, = 0. #55 /(log Reg) - 1700/Reg (3) 
By combining Eqs. (I), (2) and (3): 
A= ( 1.94 SME TC Cop (347) or 


0 = 33.017 [o. MAVA ( log (1. yoxi g) = /700 4 (/.#охуд© Д 4) 


The result from this equation are plotted below. 

в U, ft/s | 2, Ib 
| 0.0986 
0,410 
0.909 
L58 
2.42 
3.43 
2.54 
5,90 


Ш FIGURE P9..51(b) 


9.52 


( 


O O 


К 
W s 


24.52 | A 38.1-mm-diameter, @.0245-N table tennis ball is re- | 
leased from the bottom of a swimming pool. With what velocity 
does it rise to the surface? Assume it has reached its terminal | 
velocity. | 

| 


For steady rise Zik =O 
or 
PES Wt Lf where 7 = drag = +U FD 
W = weight = 0.025 № . 


А 3 
E; = buoyant force = ЎЎ = s(t) 
Thus, К TN 
sie) = + еу" 
ог | | 
80:0.) #2 (2:938 1 = 0.0245 М +014 4, U^ E (00звіт)? 


or 


2 
QU 29455, where U S (1) 
- UD 
Also, Re DOM 
ji U (0.0381т) 4 
کے‎ Р а qi. 
Re = LEK (oe = 3,40 x/0 0, where U = & (2) 
Finally, from Fig. 9,21: d د‎ = 
| Re 


Trial and error solution: Assume Cy ; obtain U from Eg), Re from 
Eq.(2) ; check Cp from Eq. (3), the graphy .. 

Assume C, 70.5 — U = 0.954-2 — Re = 3.24110 —> C, = 0.4 + 0,5 

Assume С=О. — Us 1.06 2 — Ве = 3.62.3107 > Cy =0. 4 (checks) 

Thus, U= 1.06 S 


Note: Becavse of the graph (Fig.9-21) the answers are not 
accurate to three significant figures. 
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4.53 


9,53. То reduce aerodynamic drag on a 
bicycle, it is proposed that the cross-sectional 
shape of the handlebar tubes be made “tear- 
drop" shape rather than circular. Make a rough 
estimate of the reduction in aerodynamic drag 
for a bike with this type of handlebars compared 
with the standard handlebars. List all 


assumptions. 
For a standard racing bike of C C, £U A, e trom Fig. 7.33 
Thos, = 1.716 pU* | Gs. = 0,88 , A=9.9 f 


For the modified bike assume 20, = dh -A d n Wes 0) 


A = drag from standard circular cross section handle bars 


y^ = drag from tear-drop shaped handle bars. 
That is, 

D. = C, FeV A, and 4 = Cy, £gU ‘Ay where the handle bars 
are Gained to be I ft long id lin. ір diameter. (ie, Ay = 7t fl^) 
Typical Cy values аге Cp, =l (Fig. 9.23) and Cy, = 0.12 (Fig. 21) 


Thus, Eq li) gives 909 = 116 pU^ — L(A)pU (4) +0.12(¢) eV" (sk) 
= (1.715 - 0.0367) U? 
or 


00, ~o 1716 eU 2_ (L716- pU 05:02780 
А 176607 
деу areduction in drag of 


approximately 2 perc ent 
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9.57 


9.54 А hot air balloon roughly spherical in 
shape has a volume of 70,000 їе and a weight of 

. 5001 (including passengers, basket, balloon fab- 
ric. etc.). If the outside air temperature is 80 °F 
and the temperature within the balloon is 165 ?F, 
estimate the rate at which it will rise under steady 
state conditions if the atmospheric pressure is 14.7 
psi. 


For steady rise ZĘ =О, or Fg=Wtl? 
where ae 

ð = drag =C eU iD 

E. = buoyant force = ¥ _ 
VW = total weight = 500 b +% Y 


ib Dd 
= L (17 а) (0 5) к sivas 
= 08 = (0.00229 5589) (32.2 ft) = б. отзе 1Ё 


| FF 
an d -ib inž ү. 
Е е л sai 0-082 Be 
| in (17153 558) ( Mole 1 2 the balloon js 
Е | D? open at the bottom, the. 
Thus, with Y = 7x f= 4G) | pressure within ihe balloon 
on D= 511 ft we obtain Ж ла the same as it is 
outside- 


"E Gy (0.00229) E (511 )* 
= 2366,U* lb, where V~ ¥ 
Alse, | | 
„Ц 599 6 +(0,0636 fis) omo) = 4952 t | 

Fo = (0.0734 i) (740% HS) = 5/52 |b Thus, Fy =W+ gives 
5/52 lb = 4952 lb + 2.66 U^ ол QU = 84.7 a 


Also, Re = 52. 


ог Sid ff U 5 
w——— Ex 5325/0 
e 7 57 xió* E jo” U (2) 


and from Fig. 223 ы 2797 | | (з) 


Re 
Trial and error solution’ Assume бу; obtain U from £g. (0, Re trom £g.(2); 


check Cy from Eg.(3), the graph. 
Assume Gy = 0-5 — U = 13.0 Ё —» Де = 4,23 x10° — G = O24# 0,5 


Assume Cy= 024+ U =18,8 ¥ — Re = 6.11 хоё — Cy =0.30# 0.24 
Assume Cp = 0.30-» U=/6,0 ¥ m+ Re =5.¥6 куо — Су = 0.30 (checks) 
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9.55 It is often assumed that "sharp objects 
can cut through the air better than blunt ones." 
Based on this assumption, the drag on the object 
shown in Fig. P953 should be less when the wind 
blows from right to left than when it blows from 


left to right. Experiments show that the opposite FIGURE P9.55 
is true. Explain. 


А significant portion of the drag on an object can be from 
the relalively low pressure developed in the wake region behind the 
object. By making the object streamlined (c.e, flow from left to 
right, not right to left in the above figure) boundary layer separation 
is avoided and a relatively thin wake with low dra is obtained. 
Whether the front of the object. гє Sharp” or "Mun" does not attect 
the contribution to the drag from the front part of the body —at 
least not as moch a the width of the wake affects the drag. 
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7,56 | 


NENNEN: 
*9,56 The device shown in Fig. P9.56 is to be designed to measure zt e ig 5 mmj 
the wall shear stress as air flows over the smooth surface with an EEE d RE em 


upstream velocity U. It is proposed that 7, can be obtained by 
measuring the bending moment, M, at the base [point (1)] of the 
support that holds the small surface element which is free from 
contact with the surrounding surface. Plot a graph of M as a 
function of U for 5 = U < 50 m/s, with € = 2, 3, 4, and 5 m. 


GBFIGURE P9.56 


Since the length of the measuring surface is much fess than ifs 
. distance from the Jeading edge (te. Smm<<L) we can assume that 
the shear stress is essentially constant on that surface. 2,4 
iar М= AH p ==” 
"Ma (5x03) (103/07) =2, S Te Nm Н mE (i) 
where ~ A ae 
The flow will бё laminar or turbulent depending 
whether Re, < 5x70" op Reg>Sxlo* , where Reg= LL ind valerie, 


LL) 2m A 
Since Rey Lus OI = 6.84 х/0° fhe flow is always turbulent. 


A Iso, since 


eC 


Re _ (502) Gm) 
"max _ 1,44 X10 em 


LE 
rf O.370X „3 РА $ 
1, = 0.0225 Ө Ga y where £= ЖЕ Аай 


= /,7/Х/0? Р follows from Table 9.3 that * 


J4 05 
That i's, А \y | 
_ m 201 x $$ Ж 
Ty = 0,0225 eU ү | 0,0225 ей y" Seo, 73 * 
or 


dy Q.022.5 (1.23.48 )U LP ES, ЕЛЫ 
= 3.83 KT syte yh dA, where U~& and L~m 
Thus و‎ from Eg, d), 
AA -(2. 5x7) (xir?) UI д^ = 9,57 х0 pue 


The values of М are calculated and plotted for 5050 2 
with #=2, 3,4 and 5 т. — 


(соп) 
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9.56 | (con't) 


For f = 
U, m/s 
5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
0. 00 
45.00 
50.00 


For $ = 
U, m/s 
5.00 
10.00 
15. 
20. 
25. 
30. 
35. 
40. 
45. 
50. 


2.00 m 
M. N.m 

*1.510E-08 
15.257E-08 
*1.091E-07 
+1.830Е-07 
+2.735Е 07 
*3.798E-07 
+5.012Е-07 
*6.374E-07 
+7.879Е-07 
+9, 525Е-07 


3.00 м 


M, N.m 
+1.392Е-08 
+&.8&7Е-08 
+1.006Е-07 
+1.688Е-07 
+2.522E-07 
+3.502Е-07 
+&.622Е-07 
*5.878E-07 
+7.266Е-07 
+8. 783Е-07 


For { = 


U, m/s 
.00 
.00 
15. 
20. 
25. 
30. 
35. 
50. 
45, 
50. 


5 
10 


00 
00 
00 
00 
00 
00 
00 
00 


For @ = 


U, m/s 


4.00 m 
M, N.m 

+1.314E-08 
+4,.576E-08 
+9.%9%Е-08 
+1.59%®Е-07 
+2.381Е-07 
+3.306Е-07 
+6. 363Е-07 
+5, 549Е-07 
+@.859E-07 
+8.292Е-07 


5.00 m 
M, N.m 

+1.257E-08 
+h .376E-08 
*9.080E-08 
+1.52%Е-07 
+2.277Е-07 
+3.162Е-07 
+h .173E-07 
+5.307E-07 
+6.560E~-07 
+7.930Е-07 
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925: 


that 


9.57 A 12-mm-diameter cable is strung be- 
tween a series of poles that are 50 m apart. De- 
termine the horizontal force this cable puts on 
each pole if the wind velocity is 30 m/s. 


| D=/2mm 
Б = force on one pole =ð. | | 
2 д = E PITTI? J. 
Since Re = LB = 1308000007) „5 yxy if follows from Fip 23 


n X10 m 


Cy = 0. . Hence, p- ol) iaa ghe (50m)(0.012m)= 133 М 
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9,57 . How fast do small water droplets of 0.06- 
: gm (6 х 10-5 m) diameter fall through the air 
under staridard sea-level conditions? Assume the o 
drops do not evaporate. Repeat the problem for Ф 
standard coriditions at 5000-m altitude. К dia. =)=6х/0 m 


For steady conditions, ð +6 =W, tu 
where if Де = 22 <| | 
= drag = STDUA Або, W= Yio Y = d; E fr r2) = weight 
E and Fo = Yin Y = Yn 4£9(L E = byoyan! ids 

< 
That ie a р Can Е Ws e icd force, 
3700s =F, ZY or V= der . Sp 
At sea level в = 4789 xi 7$ 275 so that 

T E 
U- fase E. Pi is 220 ES 


452 xi8 <<] so the use of 
tho low Re drag equation is valid. 


Q4. 0/07) (6xi0 9m) 
Note that Re 


At 4n iip of 5000m , p 4428/0. p c and fram Fo. d) 


_ (#800 04х17 2, y 
18 (1,629х105 £ M) 


is -2m 
- z/20x/0 “~~ 


4-4% 


1.51 


9.59 A strong wind can blow a golf ball off the tee by pivoting it 
about point 1 as shown in Fig. P9.59. Determine the wind speed v, 
necessary to do this. 


Radius = 0.845 in. 


Weight = 0.0992 tb 


m FIGURE P9.59 

When the ball is about to be blown 
[гот the lee the free body diagram 
is as shown, Hence, by summing moments 
abovt (I): 
COM =0, or W1 Or 
Thus, 

(0.0992 16) (0.20/n.) =. (9.821 in.) 
or | 
00 = 0.024218 , where I< Cy xp тг" 
Thus, 


Q.B4 5, 
0.0242 İb = Cy (0.00238 UE у? то iE Jj 


or 


1 
СУШ = /305, where U~ Ё 


For а v d Co = = С, (Re) (see Lig. 9,18) where 


Re= eU . (0.00232 in, 43) U (2.(0.8%5) 42 fl) 


3, 47x10 " (Ib s/Tf^) 
or 


Re = 766 U, where у. ft 
Trial and error ЧИЙ 


Assume Cy =0.¥ so that trom Eg.(0, U 7 5 z/ and 
from £g. G Re = WESTIN) = 5.52 х/0® 7; Thus, fron 
Fig.9.18, 6, = 0.25 #0, ¥0 ry again. 


Assume C, < 0.22 so that U=77.0 and Re 75и" 
Thes, from Fig. 9, /8, Cp 7 0,22 Checks. 


Hence, Uz 770 


я golf ball (ie. with dimples) 


\ 
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in the pole at ground level when a 30-mph wind blows 


used in your calculations, 


9.60 А 22 іп. by 34 in. speed limit sign is supported оп 
a 3-in. wide, 5-ft-long pole. Estimate the bending moment 


against the sign. (See Video У9,4) List any assumptions 


For eqvalrbrivm E M, =O or 


M = SE Lp + (53 tZ) d , where X 
Lp = drag on He pole and a = drag On Je SQN д | 


From Fig. 9.28 with B/D <0,1 for the sign, ‘tp || D 

С. =/,9 : h | 
Ds 

From Fig.9./9 if the post acts as а sqvare rod ak 


with sharp corners C, = 2.2 Thus, with U- Somph = 44H, 


and 


0 = QU Cop Ap = + (0.00238 Sues) (44 f Pa 5 (5) 4") = 6.34% | 


| Thus, from Eq.(1) > 
Mg = 2.5 ff (3*1) +(5 + Jf (22.71) = 162 fil 
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(1) 


4, = OTC, Д, = (0.00230 HE) (e E 09) (2289) 29 ль | 


1 
1 
i 


i 


ўе, жей*^#р 


9.61 Determine the moment needed at the base of 20-m-tall, -D 
0.12-m-diameter flag pole to keep it in place in а 20 m/s wind. : | 
5 z ee U 


f T‏ ج 
к o‏ 2 
For equilibrium, M= #7 where | | а)‏ 
(vir‏ 
M‏ 


„ 20F)0.12m)_ -469X/0* , jt follows from Fig. 221 


UD 
i Re = "y ТҮР TEES 


` that C = 2 


Thus, ð= 1.2 (+) 0.23 £ (202)? (20m) (0.12m) = 708W 
Нелсе, from Ё. g. (I) 
M= 29% (708m) 


= 7,080 Nm 
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9.02 Repeat Problem 9.6] if а 2-m by 2.5-m flag is attached 
to the top of the pole. See Fig. 9.30 for drag coefficient data 
for flags. 


2 
EM 

For equilibrium, M= f FU *(4, x 22) д, (0 
where A = 20m , bh = END Pu M 

From the дау to Problem 248 , Ё fe 7,080 Мт (2) 
Also, 
dh = C, + pU £D, , where trom Fig. 230 with - = £3 = fas 
weoblain С = 0.08. 

Thus, 

d, = - o08 (4)23 4208)" (2.5m)(2m) = 28,4 У (3) 


By combining Egs. (1), (2), and (3) we obtain 
M= 7080 Mm +(20m—/m) (98.4 N) = 8,950 М.т 
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9,64 


9.64 How much more power is required to 
peddle a bicycle at 15 mph into a 20-mph head- 
wind than at 15 mph through still air? Assume a 
frontal area of 39 ft and a drag coefficient of 
C, = 0.88. 


P= power = 7 and = C, 4eU*A , where Ub А i f the B 
=/5 Йи git Boc. =224 
and U wind speed relative fo bike. е =) 


Thus, a 
2 2. nu (J 
Р =(22 f) (ове) (2) еоогзе SEU (3911) = VA 
(888 
a) With а 20mph headwind , V= (5 +20). ni f, i 3031)" sat 
Thus, 


Ф = 0.0898 (513) = 236 #4 


1 

b) With still dir , UzISmph- 22 tt 
e fb 
R= 0.0898 (22) = 425 “ш” 


Hibs Phy 
Hence, need an additional power of Q- Д = (236 - 43.5) 5 са ст 
= 0. 3504р 
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9.65 


9.65 Estimate the wind velocity necessary to 
knock over а 10-Ib garbage can that is 3 ft tall 
and 2 ft in diameter. List your assumptions. 


If the can is about lo tip around 

corner О, {hen =i MM, 70, or 4542 =1 W 
A typical valve of C, far a cylinder 
Is Coz / (see Fig. 9.21) 


r [SG teU A=W 


Thos, 
(1.54 1)(4) (0.00238 HF) "(241 3H) = оН, where V- Ё 


or Y= 30. 6 я 
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9.66 | 


DXi Ona day without any wind, your car consumes x gal- 
lons of gasoline when you drive at a constant speed, U, from 
point A to point B and back to point A. Assume that you repeat u ij : | 
the journey, driving at the same speed, on another day when } i TE | 
there is a steady wind blowing from В to А. Would you expect | Ps Re 

` your fuel consumption to be less than, equal to, or greater than 
x gallons for this windy round-trip? Support your answer with 
appropriate analysis. 


«rip with the larger power | lost due to IE: m wil Ж ima Л 
EZ gas Д ef ( ) mean ho wind” and ( „ mean “wina”. 
of 1) Mo wind : = - ЕС 
ER © 207% m both 4-8 and Bh Ў 4 А | 
ИГИТ Е ШИЕ 


uda 2) Wind. ( Ду” wind speed ; assume <0): 
а= Ee) A for 48 
E 22007-0, “A ү PA 


This, Ed Mee 
| о 2 я T) b hr. A> Е Г : nur 


E nergy bad = Pt where /- fe n 7۶ frm A 47k. o Je 
Een == с 
=A ( +07 Y M | (hie дой, 2 fr 2 #820) s 


سا د wW‏ 


w 


| E 
E жер “уе, At + telr- Tw) тл} 


те, 


m WU ri AU 297+ жат zx fmm 


zie. more tvel needed when windy = 


ZEN" 
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2,67 | 


9.67 The structure shown in Fig. P9.67 consists of three 
cylindrical support posts to which an ellipsical flat-plate sign is 
attached. Estimate the drag on the structure when a SO-mph wind 
blows against it. 


FIGURE P9.67 


00 Fer the compos) te body : ly: 
(n کے‎ = я ze [GA *6,4* Д 14,4, | 
| ise if we assume the sign is an ellipse, 

A= Zot 5 ff) = 37.3 ff and the projected areas of the уке 
A, ов) = goot” | 
As = G8 fL (STD) = H2. H^ apd 

А, HEISE) он 0 

From Fig. 9.20, for adhi disc C, "x Gy = hl 

- For the cylindrical pest, obtain Cy from Fig. 9. IS as? (0 = on 733%) 


ft 
3, дё) 
Rez“ D e B = 2.8Xx/0 E Gie 2:6 


+ 


Similarly, 
Re, = 3, 79/0 — > бу,” aS 
Roy =%7к/0#——= Gy, = 025 


| Thes, from Ед. 0): | 
P, -£ ‚00239 T) (73. apy [uar з) +041 f. ott £0. sz {учей 
| = 372/۸ 


d 
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4.68 As shown in Video Y%I3and Fig. P9.63, the aerody- 
namic drag on a truck can be reduced by the use of appropri- , 
` ate air deflectors. A reduction in drag coefficient from 
Cp = 0.96 to Cp = 0.70 corresponds to a reduction of how 
many horsepoer needed at a highway speed of 65 mph? 


b = width = 10 ft 


8 FIGURE P9.68 


І P < power = E U where 
тз 5 e U б, A 
ELS AP = reduction im power 
=F, =P, 
EI =2 4 74م‎ [Co, - ©] 
| Wilh U- 45 mph = 95-3 tps, 
ДФ = z (000238 a) (95.58) (ону) [o9 - 0.70] 


сэз а) 


Я 92-58 


9.67 As shown in Video V9,7 and Fig. P9,6Ì a vertical 
wind tunnel can be used for skydiving practice. Estimate the 
vertical wind speed needed if a 150-1 person is to be abie to 
"float" motionless when the person (a) curls up as in a crouch- 
ing position or (b) lies flat. See Fig. 9.30 for appropriate drag 
coefficient data. 


. For equilibrium conditions ё 
W- ot = C S Z0U 4 E FIGURE P9.69 


Assume W = 160 lb and Сй = а рі? (зее Fig. 9.20) 
_ Грыз, 


(60 Ib = Elona) UIH?) where U^ Ф 


е -(/ 22 #)( ie zisoH )( Г) = 83.2 mph 


Mote: If the skydiver гй Up into a ball", then GA aue 
(see Fig. 2.30) and U= /58 mph 
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476" ] 


9,70 


The helium-filled balloon shown in Fig. 


P9,70-is to be used as a wind speed indicator. The 
specific weight of the helium is у = 0.011 lb/ft, 
the weight of the balloon material is 0.20 16, and 
the weight of the anchoring cable is negligible. 
Plot a graph of 0 as a function of U for 1 = U s 


50 mph. 


Would this be an effective device over 


the range of U indicated? Explain. 


For the balloon to remain stationary 
E ђ=0 and BK =0 т 
Thus, & = T cosO. or T= 25 бе 


and Fg = W + 7 sind +, рим. / D=dia. =2 


which combine to give Benson Elê 


Fa =Wt D tan + Wye а) 


But W=0.2 1b , f = одй -(z ei^ у.) ST (ERI) = 0.320 


3 
and Wye = бе = (oon x) (ZH) = 0.046) Ib 
Thus, До, () becomes 
0.32045 = 0.216 + tand + 0.046) Ib 


or " 
o7 tan 8 = 0.0743 Ih Also, о = С, tov Z o 
= С, U^?(0.00238 = P (2Р1)? 
= 0.00374 QU^ 1b, where U~ ft 
Hence, | | 
0.003724. Cp U* tan 0 = 0,0743 or fan@= 19.9 (2) 


Chu 
_ур__ (fu 


Also, Re =“ = туора or Re =/.27x107U (3) 
| * 


and from Fig. 9.21: 
4 M | (4 


Re 
7 hus, select various | mph «Uz SOmph (ie. 1u7£ =|/= 72.3 ft ) and Use 
Egs. (22,03), (4) їо obtain Ө. Plotted results are shown below. ` 
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| 7.70 | (con't) 


U, mph Re CD O, deg 
0 0 -— 90 
1 12700 0.40 87.52 
2 25400 0.42 79.71 
5 63500 0.54 3442 
10 127000 0.55 9.55 
15 190500 0.33 7.10 


20 254000 0.10 13.02 
25 317500 0.08 10.48 


30 381000 0.09 6.52 
40 508000 0.12 2.76 
50 635000 0.16 1.32 


theta, deg 


Note ? Because of the sudden 
change in Су when the 
boundary layer becomes 
turbulent (at about 15 mph), 
the Ө ys U curve is highly 
non-linear. In tact, for some 
valves of Ө there is mare than 
one possible valve of U. Ti 
would not work well as a wind 
speed indicator in this range. 
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| 97] | 


9.7] A 0.30-m-diameter cork ball (SG = 0.21) is tied to an 
object on the bottom of a river as is shown in Fig. P9.61. 
Estimate the speed of the river current. Neglect the weight of 
the cable and the drag on it. 


For the ball lo remain | stationary 
56 =0 and 2; Fy =0 
Thos, “9 = 7 cos 30° ог Т = 00 m 


cos JO 
and 


dia. D = 0.30m 
Б = W#T sino" 
Hence, lg = М + 2 ап 20° where Б = 09% «(nos (4 (229%) ) 


a» = 0.138.5 kN 
W-XY -(E)rY-5or 

Thus, = о,2/ (0.1385 kW) 

0.1385 AN = 0.029; AN to fap 30° 70.029] kN 

г 
ү = 0.189 kW, where «= С, 100“ =6, U(E) (099 & (tos) 
Жайге | = 25.3 CU” N, where U^ ® 
35.36,U'-/89 op CU = 5.35 a 
Also, Re = 70 = Lood Y = 2.68 4/0 U (a 
and L42x10 zm 

Írom Fig. 7.21 б Кыз (3) 


Re 


Trial and error solution for U : Assume Cp j calculate U tram Eq 0 


and Re tram Еф, (2); check С, from Fq.@), the graph. 
Assume ÛC, = 0.5 — U- 3.271 — Re = 8.7вх!о°—> C, = 0.15 * 0,5 
Assume C, 20.15 —= U- 5.97 A — В = /.60 x 10° —> Cp = 0.20 #015 
Assume C, 2049 — U= 5.31 & — Rez 2x10 — Cy = 0.19 (checks) 


Thus, Y= 5.3/2 : 
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3. 73 


| 10- -mm diameter 


1 m long 
9,74 А shortwave radio antenna is con- (2) 
structed from circular tubing, as is illustrated in 
Fig. P9.74. Estimate the wind force on the an- Р | 0.5 т 
tenna in а 100 km/hr wind. EE | 
(3) 
40-mm diameter 
25% 5 m long 
FIGURE 79.73. 


o = D, + lh +, 
= 4р0 *[0,,4+%, A «6, As] 


where = 1002 (rs on) )3455) = 278% 


Obtain Cp, from Fig. "9 23 for the given iss YP; i 
ns Re, = БЕ = 762 x0" — Gy = 14 


бла 5 #)(0.02т) = 3.91 xJo* 
= ; 0 ج‎ af 


тв (Gom) _ *— 0= 4 = = 
Дев = незак 7 me mea >. Coa” 1# = Cha = Cy 
so that 


= +0123 56 28 £u. alts m)(0.0#m) +(.5m)(0.02m) ноот] 


Ог 


D= 180 н 
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9.73 The large, newly planted tree shown in Fig. P9.73 is kept 
from tipping over in a wind by use of a rope as shown. It is assumed 
that the sandy soil cannot support any moment about the center of 
the soil ball, point A. Estimate the tension in the rope if the wind 
is 80 km/hr. See Fig. 9.30 for drag coefficient data. 


: 4 Scale drawing 
» FIGURE P9.73 


EM, -0 where the moments are due to the drag, с, and 
the tension in the rope, T. 


Thos, 
£O = Т, where trom the figure L, < (242.5405) my = 50m 
and Ё. = =2./2m 
TE 
Hence, 
T= £4. азал where trom the figure LE (sm) 


T 


Thus, with U= e) Ee) (e) = 22.2 
and C,- 0.26 (see Fig. 7.21) we obtain 


5.0 A 
Т = уа (#У(!.эз 4) (22.2.8) BtsmYto.26) = 3650 N = 3.65kN 


9-64 


9.74 Estimate the wind force on your hand 
when you hold it out of your car window while 
driving 55 mph. Repeat your calculations if you 
were to hold your hand out of the window of an 
airplane flying 550 mph. 


D- O,Z0U'A , where U= «(55 mph) ( و‎ = 80.7 Ë 
Assume your hand is f. by bin. in size and acts like 
a thin disc with Cp= L1 (see Fig. 9.29), 
Thus, | 

4D = 04) 4o. 00238)( 80.727 ( & ZU EH) = 1.42 |b 
If your hand is normal to the the lift force is zero, 


For U = 550 mph = 807 (; е, a IO fdd increase in U) the 
drag will increase by a factor of 100 (ie, B~ U”) or ь8= 192/6 


Note‘ We have assumed that C; is дй а fonction Л U, That is, 
il is not а function of either Re = up or Ma = 
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9.76 А 2-mm-diameter meteor of specific 
gravity 2.9 has a speed of 6 km/s at an altitude 
of 50,000 ra where the air density is 1.03 x 10^? 
kg/m’. If the drag coefficient at this large Mach 
number condition is 1.5, determine the deceler- 
ation of the meteor. 


3 A ayo 3 
= ma where m= eY = е d (2) = (2.9)(999 $) 42 ( 0 а 
=12.1х10° kg 
Also, =C teU A А А А 
хе 1.5(£) (1.03 х10 4 )(6x107 2) £ (2x10 %m) L8 ax 


Thus, ES 
= W . 8.74 КІ _ т 
ат ^ tziok ~ 7220; 
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D - 0.1 m Rough sphere 
zi ; ~] D = -2 
9.77 Air flows past two equal sized spheres (one rough, one А Г" s hem 10 


smooth) that are attached to the arm of a balance as.is indicated panee ox —9 
in Fig. P9.27 With U = 0 the beam is balanced. What is the a 7 (2) 


minimum air velocity for which the balance arm will rotate L | 
0.3 m 0.5 m 
fe 


clockwise? 
FIGURE P9.77 


For clockwise rotation to start, 21/0, «o 
That is 03427050, , where Lf =Q, el A, and 


e, = Co, E eU Ё, 


Thus, 
0.3 G $01, A, = 0.5 ЕА Ё, , or since G=% and А.А 
this gives Е 
Co, = 0,6 Co, C) 
Consider the curves in Fig. 9.25 with Ё =0 and 5 = 125 x0 
4 ; : 
С й &«hasx6^ Trial and error solution to find 
M. 2 P Re so that ЕФ, 0) is satisfied. 
[" pd 
Coz 
Re 
Assume Re = 6x10" — by, =O.5 , 05,7 O96 or ae = 0.92 06 
D, 
Assume Re = 8x10" — О =0.5, Cy, = 0.21 or CPE 20,42 $ 0.6 
7 
Assume Re=7xI/0 Cp,= 0.5, Gz = 0.33 op с. = 0.66 50.6 
Thus, Rex 74x/o* = Е ER) E. or Uz 10.42 


СЕ m2 
44 X10 O @- 
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9.78 A 2-in.-diameter sphere weighing 0.14 1b is suspended by 
the jet of air shown in Fig. P9.78 and Video V3.2. The drag 
coefficient for the sphere is 0.5, Determine the reading on the 
pressure gage if friction and gravity effects can be neglected for 
the flow between the pressure gage and the nozzle exit. 


Area = 0.6 ft? 


For equilibrium, &=W or 
Cp teh, A =W, where A - Z0. 
Thus, 
V mes n 2 W | % 
2 [ртт 


РУС ГТЗ АИР PST 
0.5.00238 TE H) $ 


mH FIGURE 098.78 


Also, 


Area = 0.3 f? 


Pressure 
gage 


озу“ _ ft 
VA, = A or V = Az = (04E) tia =.52,0- 


4, А 
and "n P | 
f *zpok = fr + +p where fA 
Thus, 2 
"E Ze[V^- V] = (000238 shes) 0а (52.08) | 
Л 
= 9 65 ps 


MN aaa aa TUTTI, 
= 
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9.79 Тһе United Nations Building in New York is approx- 
imately 87.5-m wide and 154-m tall. (a) Determine the drag on 
this building if the drag coefficient is 1.3 and the wind speed is 
a uniform 20 m/s. (b) Repeat your calculations if the velocity 
profile against the building 1s a typical profile for an urban area 
(see Problem 9,22) and the wind speed half way up the building 


is 20 m/s. ; kb Т 
2 1 | k > | 2 i | h 
(а) O=O +рУА = /.3( (1.23 (202) (issmY8zsn) l 
Of 
P= 43! x/0° N = 43/ MN | 


ys 
I =(54m 
(b) For an urban area, U=C y 
Thus, with 720 at y=#=77m | و‎ 
we oblain 


= پیک‎ = 3.52 ‚ог u = = 3.52 y^ T with u^ 


The total drag is Е? 
P = (di? = (Cy еи dA= £06, | (s52 y"*) (825) dy 


$3 у” т 


y-o 
154 
a 2 (.23)(1. кышу "dy - 967(75- B Jussu)" = 4/7 x10 N 
Thus, 
O= 417 MN 
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9.80 А regulation football is 6.78 in. in diameter and 
weighs 0.91 Ib. If its drag coefficient is Cp = 0.2, determine 
its deceleration if it has a speed of 20 ft/s at the top of its 
trajectory. 


fre _ W oL _0.9/ Ib 
= ma , where m=% "EZ 


and 
D= С d eU^A = 0.2 (т )(0.0о2зв SHB) (20 fy (Ж (628g) =0,0234Ь - 


НЗ 
er, р 
0.0238 ft 
m 0.0283 shos ке 


= 0.0283 slugs 


а= 
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9.2] Ап airplane tows a banner that is b = 
0.8 m tall and £ = 25 m long at a speed of 150 
km/hr. If the drag coefficient based on the area 
6015 Cp = 0.06, estimate the power required to 
tow the banner. Compare the drag force on the 
banner with that on a rigid flat plate of the same 
size. Which has the larger drag force and why? 


TA к Cp = 0.06 and U= n ау ига x5 Ta )= 47# 


this gives 
У = (0.06) (4 )(. >з 4 (4/77 (0.8m)(25m) = 5 3.5 x10 W = 53.5 kW 


For a rigid flat plate 


P -4U-2020eU?bÀ (the factor of two is needed because the 
drag coefficient is based on the drag op one 

side of the plate) 

YAT) Re = » C72) (25m) 


ME T 780° BE = 7,/4х/0? we obtain from 
Fig. 945 a or of С, 20.0025 lop a smooth plate. 


Thos, 
P = 2(0.0025)(2) (1.234%) (4,72) (0.8m \25m)= 4.48 x 10W = Ке AW 


For the flat plate case the drag is relatively small because fl is 
due entirely to shear (viscws) forces. Dve to the “flotlering’ of the 
banner, а good portion of its drag (and hence power) is a result of 
pressure forces . If is gel as streamlined as а rigid tat plate. 
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9.83 The paint stirrer shown in Fig. Р9,@3 consists of two 
circular disks attached to the end of a thin rod that rotates at 80 
rpm. The specific gravity of the paint is 5С = 1.1 and 
its viscosity is je = 2 X 10 ? Ib: s/f£. Estimate the power 
required to drive the mixer if the induced motion of the liquid 


is neglected. КЕБ E 
FIGURE P9. 23 
Н we neglect the effects of the shaft and red and consider 
the paint o be stationary , then 


М= 2.0 А, where M= torqe to rotate shaft 
and û drag on one disk = G tev A 


Al.so, [/ = en and P= power lo rolale shat} = Mw 


Thus, 
ар 2R w = 2 C ze(uR) RR 7 
Ж 
?-4ZG pu RD =F pU D? where © 7 56 Paz 
D 
With Re= CY? = Scio VD 2 
where | Е 
St 
= = (oo UE AI Ê n) = asa 
we have 


{ m m 
но dt ign Seas ©) (FAD og 


For a circular disk , Cp = 11 if Re >/0" (see Fig. 9-29) 


while Cp = 221 if Re«l (see Table 7.4) (2) 

For this particular problem 1< Re=10.5 </0° 

Note’ if the [ew Reynolds number result (Eg, (A) is valid yp fo Ќе (0.5, 
then Cp = 204 = /, 6 Ne C5 е 

To be on the conservative side (¢.2., maximum power) : pelt 


use the larger Co — O = %9# From Eg, (0) 


: 
ol} 10 10 TR. 
/ 3 2 
= (90) л ЖАР )(1.353У( sas ft) 


Or 
0-(.0629 Hb) ( Eu ) = Z78x/Ó Ap 
De e 
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9. 85 A fishnet consists of 0.10-in.-diameter 0.10-in-dia. cylinder 
strings tied into squares 4 in. per side. Estimate д; / 
A. 


the force needed to tow a 15 ft by 30 ft section m 
of this net through seawater at 5 ft/s. Yin. VAN A 
ДСА 
AYT 
The nel can be treated as one long СА 


0.10 -tn.-diameter circular cylinder with s 
о C, 2eU'A. where Ux 5E . Each | TI section of the nel 
contains 6 feet of string (donot cont the edges twice). Thus, the 


total string length is approximately Г =(6 #)( /5 А) (зой) = 2700 fl 
Also, since p= ^9? sis and v7 1.28 х/075 Ё (see Table 1,5) 


l H section 


V fy, 0.10 
- (52009279) . 35/9. Hence, from Fig. 9-21 that Gel 
E: 


4 0) SE) (s BY FH) (270041) = в/в Ib 
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9.26 As indicated in Fig. P9.36 the orientation of leaves on a F 0.6 
tree is a function of the wind speed, with the tree becoming " y 

“more sieamlined" as the wind increases. The resulting drag 
coefficient for the tree (based on the frontal area of the tree, HW) Е . a 
as a function of Reynolds number (based on the leaf length, L) йз: Кот не 
is approximated as shown. Consider а tree with leaves of length U S 
1, = 0.3 ft. What wind speed will produce a drag on the tree that 

is 6 times greater than the drag on the Wee in a 15 ft/s wind? 


18.000 — 100,000 7,000,000 
Re = pUL/u 
BFIGURE P9.56 

2 UL 
DG ipUA and Re= €z- 
Ог А : 
б = Gy 2(0.00238)U HW = G.o01t9 HWG U 0) 
ал s | 

_ 0600238248 U(0.3 Ht) _ " 

Re = 374x10 Ib s/ fl? = 1909 U, where U Hh (2) 


Thus, with U =15 fts Re = 1909 (15)7 28,400 so that from Fig, P9. 84 
Cp < Ot SQ | 
dj, = 0.00119 HW (0.48) (15 = 0.123 HW 


For the drag 6 time as great, = 620, = 6(0.123 HW) = 0.738 HW (3) 
Thus, from Eqs. (1) and 68): 


0.738 HW = 0.0019 HW G U 

or 

C, U*= 621 

Trial and error solvtion: - | 

Assume GC, = 0.3 so that from Eq. (е), U= ZE e 45.5 fM. and from Eg (2) 
Re =/909 (45,5) = 86,700, Thus trom Fig, PP. 9, 0,2033 40.3, the 


assumed yalve. 
Try again. Assume Cp = 0.33 > U= 344 fl — Re = 82, 200— Cy = 0,36 +0.33 


(+) 


Thy Су= 036—U = 1.6 flls Ке = 79 300— 6, = 0.36 


Thus, U = 4^5 ft/s 
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9,8? The blimp shown in Fig. P9.3? is used at various athletic 
events. It is 128 ft long and has a maximum diameter of 33 ft. 
H its drag coefficient (based on the frontal area) is 0.060, 
estimate the power required to propel it (a) at its 35-mph 
cruising speed, or (b) at its maximum 55-mph speed. 


MFIGURE Po. 37 


= 17 where 4-6 20U A 
Thus, with | А 
„Û = 0.060 (+) @ 00238 = qa JU # (33 ft)” 
= 0.06/10" |b po U~ fi/s 

(a) Thus with U= ک3‎ (eRe) = 54.3 НБ, 
B = 0.0611 (£1.3) w | 
so that 
=) = 1410 (зс) = = Is.ohp 


(5) Similarly, with U-55 mph= 80.7 ft/s, 


=0.0611 (80.7) = 398 |b 
so that 
P= BU = зев (8028) (р) = 584 hp 
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9.3% Show that for level flight at a given speed, 
the power required to overcome aerodynamic 
drag decreases as the altitude increases, Assume 
that the drag coefficient remains constant. This is 
one reason why airlines fly at high altitudes. 


For level Flight X= Ш where W=airplane weight = constant 
and L=G тру 
If U is le remain constant, then C, must increase as е decreases 
(ie, altitude increases). 


Also, P= OU where 0 = С 20U A 


or 
2-6, ieUA « For constant U C, and A n the power decreases 
as altitude increases ( Q decreases). 
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9.89 (See Fluids in the News article “Dimpled baseball bats,” Section 
9.3.3.) How fast must a 3.5-in.-diameter, dimpled baseball bat move 
through the air in order to take advantage of drag reduction produced 
by the dimples on the bat. Although there are differences, assume the 
bat (a cylinder) acts the same as a golf ball in terms of how the dimples 
affect the transition from a laminar to a turbulent boundary layer. 


From Fig. 9.25 for a golf ball the dimples reduce drag tor Ве = е ж 4x0" 
Thus, assume Re = ^X 10" for the bal so that 


UD y 
er ^XIO 


of 
51095 3.5 
(0.00238 HE) ДЄ 9) _ m 
(3.74x 107 1-3 
Thus, 
U= 2/4Ё 


= 
4-77 


| 9.90 (See Fluids in the News article “At 10,240 mpg it doesn’t cost 
much to ‘fill 'er ир,” Section 9.3.3.) (a) Determine the power it 


takes to overcome aerodynamic drag on a small (6 ft? cross section), 
streamlined (Cp = 0.12) vehicle traveling 15 mph. (b) Compare the 
power calculated in part (a) with that for a large (36 fe cross- 
sectional area), nonstreamlined (Cp = 0.48) SUV traveling 65 
mph on the interstate. 


P= power = Ul where 4= C+ pU A 


so that 
P= tou A 
Н 3 
(a) P= 0.12 (4)lo00238 SE s pi 9280 LY og ay 


= y HE hp = 
с x ii) = 0.9168 hp 


Q3 
(b) P= 0.48(¢)(0.00238 sje ЕЕ бра) 


3600 s/hr 
= 17 Фоо (J!) 
0 t РЬ 75 ) = 32.4 hp 
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9.92 A rectangular wing with an aspect ratio of 6 is to generate 
1000 1b of lift when it flies at a speed of 200 ft/s. Deterrnine the 
length of the wing if its lift coefficient is 1.0. 


Aspect rato, H = VIA =6 ri 
5 % for rectangular E 
"E 
The life е 15 угул by, 
руя 
х=. pU "A where А= ёс = GC* 
гес zp U бс) 
1000 Jb = 1.0 (4) (0.002038 5) ( zoo 8#) (Gez) 
Gc* = 21.0 
С=/.87 FE 
b= (с) < 601.87) 
ШҮ 
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9.94 A Piper Cub airplane has a gross weight of 1750 10, a 
cruising speed of 115 mph, anda wing areaof 179 ft’. Determine 
the lift coefficient of this airplane for these conditions. 


For equilibrium X= ve 24 lb , where Z=G + ей A 
Thus, with 0 (115 mph) © (0 mo) ШЫ /&9? it 
x 1750 1b 


DE MEET 3 
ш ZzeU'^A z (o. 002385725 )(169 £EY (70 4) 268 


4.45 


4.95 Alight aircraft with a wing area of 200 ft? and a weight 
of 2000 Ib has a lift coefficient of 0.40 and a drag coefficient 
of 0.05. Determine the power required to maintain level flight 


For equilibrium X= W = 2000lb =C, Фри 


or 
2000 |b = (0.40) 4 (0.00238 SE) U (200 ff?) 
Hence, 


y= /4s£ 
Also, P= power = о U, idt 
= б, #0109 =0.05) (000238 BE) (jus HY (2000) = 2,501 
Note: This valve of сола be й. from 


ү“ #7 ыл “7 oo e 


. ے‎ W ے‎ 20000 „250/4 
Cb ous 7-8, er Ws 8 7” 
Thus, 


0 = 25b (myst) = 3, aut ер) 65.9 hp 
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9.96 As shown in Video V9.19 and Fig. P9.96, a spoiler is used 
on race cars to produce a negative lift, thereby giving a better 
tractive force. The lift coefficient for the airfoil shown is С, = 1.1, 
and the coefficient of friction between the wheels and the pavement 
is 0.6. At a speed of 208 mph, by how much would use of the 
spoiler increase the maximum tractive force that could be generated 
between the wheels and ground? Assume the air speed past the 
spoiler equals the car speed and that the airfoil acts directly over 
the drive wheels. 


b = spoiler length = 4 ft 


Spoiler, 1.5 ft 


: Бегор 33 


“ Home Cente: 


EFIGURE P92.96 


Tractive force = Б = & M, [и s 


where as Са friction = 0. 8 Y Tes ЙМ;=Б 
Thus, N N 


А% = ft AN, JI where AF, i the 
increase in tractive force dve їо the (downward) litl 
Hence, with A = 200 mph = 293 Hf, 


L= oU A = 4 (0.00238 E) (293 Н) (1.1) (50) (44) = 67416, 
апа. 
AF = 0,6 (67% )= 405 [b 
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9197. The wings of old airplanes are often swengthened by 
the use of wires that provided cross-bracing as shown in 
Fig. Р9:97. If the drag coefficient forthe wings was 0.020 (based 
on the planform area), determine the ratio of the drag from the 
wire bracing to that from the wings. 


Speed: 70 mph 
Wing area: 148 ft? 


Wire: length = 160 ft 
diameter = 0.05 in. 


E FIGURE P 9.97 


wing 
Ayie so that 
ire E Cbwire Avire 
ying б wing Awing 
Also, А, = LD = (/60#) (2:95 H) = 0.667 A? 


2 
, where Aung” 148 | Comin” 0.02 


wire 


and since seit : 
Des Ub. (zomph)( $5555 (ZEN) "T 
die 1.57 x104 f£ mm 


From Fig, 9.21 , with Re =2720 we obtain C, 7.0 
Hence, 


Aine (1,0) (0. 667 #47) 
Doing = (0.02) (#8 £1) -0.225 , or 22.5% 
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.9.4* А wing generates a lift £ when moving 
through sea-level air with a velocity U. How fast 
must the wing move through the air at an altitude 
of 10,000 m with the same lift coefficient if it is 
to generate the same lift? 


r4 = С tevA so with &,б, and A constant 


4 eU* Jos level 7 ( e D cos 


Hence, 7 А " » 
Е Cea level U af 123 as U 
10000m 2 “sea level 0. 4/4 Ks, | “seq level 
16000 m m3 
or 
U = 1.72 U 


10,000 т Sea level 


سس مصعم ممم 
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9.9/4. Air blows over the flat-bottomed, two-dimensional object 0 0 0 
shown in Fig. P9.91. The shape of the object, у = у(х), and the 2.5 372 0.971 
fluid speed along the surface, и = u(x), are given in the table. 5.0 5.30 1.232 
Determine the lift coefficient for this object. 75 6.48 1273 
10 7.43 1.271 
20 9.92 1.276 
30 11.14 1.295 
А piek 40 11.49 1.307 
If viscous effects are negligible, then à 1045 ions 
60 9.11 1.195 
£= SP соё] — f. fo cos0dA a 70 6.46 1.065 
hwer er 80 3.62 0.945 
where from the Bernoulli equation A 26 


100 0 0.807 


+#{ри^ = pt 
The effect of atmospheric pressure, fo, 
drops oul when the integration over 
the entire surface is performed, 


With O= 9 on the lower surface and 
with cos@ dA = cos 0 (f ds) = L dx, 
where #= wing span, фр) and (2) give 


L= ([e*20(07-0)] £ dx ‘Slave dg(U*-u*)] Ld 
lower 
or, since a on the lower —€— 


x= -ter f0” Uur)de = sre , where X= 2 6) 


Thus, "S 
G = 17 7 E if и trom £9.63) that 


u = шд FIGURE Р4.%4` 


CE Па mE", 


By using a standard numerical 
integration rovtine with the data 
given we obtain 
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9.10] А Boeing 747 aircraft weighing 580,000. 
‘Ib when loaded with fuel and 100 passengers takes. 
off with an airspeed of 140 mph. With the same 
configuration (i.e., angle of attack, flap settings, 
etc.) what is its takeoff speed if it is loaded with 
372 passengers. Assume each passenger with lug- 
gage weighs 200 Ib. 


For steady flight X76 £QUA-Ww i 
- ( Jida denole conditions with 100 passengers 

and ( Jeqq with 372 Е . Thus, with © 
Ёоо = 4372 , and боо = бтз Eq (0 gives 


£ Joo = бу» Й 


ive - Ze or Us = U 


=: 7 Yoo 


| [580,000 +(372 -100) (200)| 1b 2 


зәл z 580,000 lb L with Y= /#0mph 


Thus, Uy = /¥6 mph 


9.102 Show that for unpowered flight (for which 
the lift, drag, and weight forces are in equilib- 
rium) the glide slope angle, 6, is given by 


tan? = СЫС, 
For st, eady Unpowered Ё light U Ye 
TE =0 gives =W sin To 


and 
$3 ly =O gives a = Woos8 


Thos, 
5 2 
2 = ле = fanO , where Z- UA en 


H, } . £2 
ence, ап = e 
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9./53 If the lift coefficient for a Boeing 777 aircraft is 15 
times greater than its drag coefficient, can it glide from an al- 
titude of 30,000 ft to an airport 80 mi away if it loses power 
from its engines? Explain. (See Problem 9./02) 


C, l 
From Problem 9.102 tan@= 2 = TE 
J Л 
Hence, · ; 60008 
е, Ө 


EP d 
ar /5 or $ 
5 = 852», 


Hence, the plane can glide 80mr. 


9.]o4 On its final approach to the airport an 
airplane flies on a flight path that is 3.0? relative 
to the horizontal. What lift-to-drag ratio is needed 
if the airplane is to land with its engines idled e 


back to zero power? (See Problem 9,202.) | 
6-3 | 
Ld “7 2 


From Problem 9.162 ; 
lan 07 g 


or 
a ш lan 3° = 0.0524 A = /2./ 
7] D 
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9.405 Over the years there has been a dramatic increase in 
the flight speed (U) and altitude (A), weight (W), and wing 
loading (W/A = weight divided by wing area) of aircraft, Use 
the data given in the table below to determine the lift coeffi- - 
cient for each of the aircraft listed. 


Aircraft Ы Year "WW, , 1b U, mph W/A lb/ft? ) 1 ста f | 
Wright Flyer 1903 750 35 1.5 0 
| Douglas DC-3 1935 25,000 180 25.0 10,000 . 
Ew Douglas DC-6 1947 105,000 315 72.0 15,000 
| Воеїпр 747 1970 800,000 570 150.0 30,000 


E artia T a e T 


П ЕН x 
| 0с-3 | 


174x403 244 


ASoxjó | 442 


ЕАМ 
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9„оФ The landing speed of an airplane such as the Space 
Shuttle is dependent on the air density. (See Video V9.1.) 
By what percent must the Janding speed be increased on a 
day when the temperature is 110 deg F compared to a day 
when it is 50 deg F? Assume the atmospheric pressure re- 
mains constant. 


For equalibrivm , lift = weight, or 


oT GA =W 

Thus, with constant W, C, , andA, 
2 | 

(e )., 


/0 


U (e | 


і Оно / 50° 


But f =oRfT 0 that Qe» - (feo /ЯЪ) (#60 +110) 


2 
ES (pU -— ог 
5 


бш (Pio /RTyo) (60+ 59) 
7 hus 


J 


Uo =n 76 По = 4,0572 Go or a 5.727 increase 


| 
| 
H 


васса T 


4.107 Commercial airliners normally cruise at relatively 
high altitudes (30,000 to 35,000 ft). Discuss how flying at this 
high altitude (rather than 10,000 ft, fer example) can save fuel 
costs. 


For level flight W=aircraft weight =X =G UA 
Thus, for given W, C, апай the dynamic pressure 
? ora independent of altitude. That ss 


eu’) ® ze г) ог oa (ё): 10,000 


jo, 0007 30,000 ff ? 30,002 


Alco. since ad e is P =С „#078 it m that 
A =C, TIN , Co te74), „Sce £eU ж s КУУУ, 


30,000 


Hence, the aircrart can tly lad à high altituded with the 
same amovnt of drag Сой лоо = ign) 
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9.1 04 For many years, hitters have claimed that some baseball 
pitchers have the ability to actually throw a rising fastball. 
Assuming that a top major leaguer pitcher can throw a 95-mph 
pitch and impart a 1300-rpm spin to the ball, is it possible for 
the bali to actually rise? Assume the baseball diameter is 2.9 in. 
and its weight is 5.25 oz. 


If the lift produced on the spinning ball is greater than its weight the 
ball will rise. | w =1800грт Г 


т2 =/88 rad : 
L= 0, zpU A E fj _ Y= 4S mph 
where C, is a function of ¥P =139 H/s 
as shown in Fig. 9. 39. W = 5.25 oz 70328 Ib 
Thus, with 


шр - (вв 9) (2, H) 
27 . 2 (139 ft/s) 


C z 0.04 


= 0,163 


Hence, for the given conditions 


Р [| 
x = 0.04( z)(0.00238 2:3 139 22)? 


xẸ (228) = 0.0422 Ib 
so that 
o = 0.0522 < 4/ 0.328 |b 
The ball will not rise. 


Note: The aboye result is based 
on smooth-sphere data, The results | 
far a baseball (with its rovgh surtace a e DN 
containing seams) will probably точ 

give a somewhat larger lif because 

for a given angular velocity it can 

drag" more air alem as s+ spins. 


ө0/20 
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9.JQ (See “Learning from nature," Section 9.4.1.) As 
indicated in Fig. P9.110, birds can significantly alter their 
body shape and increase their planform area, A, by spreading 
their wing and tail feathers, thereby reducing their flight 
speed. If during landing the planform area is increased by 
50% and the lift coefficient increased by 3096 while all other 
parameters are held constant, by what percent is the flight speed 
reduced? 


BFIGURE P9110 


i -GzpU^ | 
Let ( ), denote landing conditions and ( ), denote normal flight conditions. 
Thus, with x) = 4 , 


x0 UA, = = Ciz 200, “Ae 


L 
T ү? үс ÉS cs [a 
[7 = U : bc NE | ids Czy 
2. d A Cuz U LSA, 36, 
or 


U-u 
Ay -0/6-l = -0,294 


U 


ќе. a 28.47 reduction in flight speed 


Tati 


9.111 | 


9.111 (See Fluids іп е News atticle “лу he ea a Section 
9.4.2.) It is estimated that by iist ately. designed 
wiriglets оп a certain airplane the drag боер ‘will be te | 


by 5%, For the sahê engine thrust, by what percent will the = 
speed be inoreased by use of the winglets? 


Let (), dinde ийй атл and ( J with winglets. 
Thus, since drag eguals thrust and thrust, = thrusla , it follows 
that 
EA 
or 
Cp, 2eU A =O, zeU 
SO that with А: =4,, 
U, = ИРЕ U yoo = 1.02600, 


ZATA 
Ths, а 2.607, increase. in speed is realized. 
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9.1/2 ^ Boundary Layer on a Flat Plate 


Objective: А boundary layer is formed on a flat plate when air blows past the plate. The 
thickness, д, of the boundary layer increases with distance, x, from the leading edge of the 
plate. The purpose of this experiment is to use an apparatus, as shown in Fig. P9.112, to mea- 
sure the boundary layer thickness. 


Equipment: Wind tunnel; flat plate; boundary layer mouse consisting of ten Pitot tubes 
Positioned at various heights, y, above the flat plate; inclined multiple manometer; measur- 
ing calipers; barometer, thermometer. 


Experimental Procedure: Position the tips of the Pitot tubes of the boundary layer 
mouse a known distance, x, downstream from the leading edge of the plate. Use calipers to 
determine the distance, y, between each Pitot tube and the plate. Fasten the tubing from each 
Pitot tube to the inclined multiple manometer and determine the angle of inclination, 6, of 
the manometer board. Adjust the wind tunnel speed, U, to the desired value and record the 
manometer readings, L. Move the boundary layer mouse to a new distance, x, downsweam 
from the leading edge of the plate and repeat the measurements. Record the barometer read- 
ing, Hya» in inches of mercury and the air temperature, T, so that the air density can be cal- 
culated by use of the perfect gas law. 


Calculations: For each distance, x, from the leading edge, use the manometer data to de- 
termine the air speed, и, as a function of distance, y, above the plate (see Eq. 3.13). That is, 
obtain и = u(y) at various x locations. Note that both the wind tunnel test section and the 
open end of the manometer tubes are at atmospheric pressure. 


Graph: Plot speed, и, as ordinates and distance from the plate, y, as abscissas for each 
location, x, tested. 


Results: Use the u — u(y) results to determine the approximate boundary layer thickness 
as a function of distance, 6 = ó(x). Plot a graph of boundary layer thickness as a function 
of distance from the leading edge. Note that the air flow within the wind tunnel is quite tur- 
bulent so that the measured boundary layer thickness is not expected to match the theoreti- 
cal laminar boundary layer thickness given by the Blassius solution (see Eq. 9.15). 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Boundary layer mouse 
: ^7 Pitot tubes 
а ые 


Flat plate 


inclined manometer 


wb Е FIGURE P9.112 


(copi) 
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Sotution for Problem 9.1/2: Boundary Layer on а Flat Plate 


Ө, deg Ham in. Hg — T, deg F Yu20, b/ft^3 
25 29.09 80 62.4 
y, in. L, in. u, ft/s y, in. L, in. u, ft/s 
Data for x = 7.75 in. Data for x = 3.75 in. 
0.020 0.20 19.9 0.020 0.15 17.2 
0.035 0.35 26.3 0.035 0.35 26.3 
0.044 0.48 30.8 0.044 0.45 29.8 
0.060 0.70 37.2 0.060 0.71 37.5 
0.096 0.95 43.4 0.096 1.20 48.7 
0.110 1.06 45.8 0.110 1.30 50.7 
0.138 1.21 48.9 0.138 1.56 55.6 
0.178 1.44 53.4 0.178 1.77 59.2 
0.230 1.70 58.0 0.230 1.95 62.1 
0.270 1.85 60.5 0.270 2.00 : 62.9 
Data forx = 5.75 in. Data for x = 1.75 in. 

0.020 0.20 19.9 0.020 0.20 19.9 
0.035 0.42 28.8 0.035 0.50 31.5 
0.044 0.50 31.5 0.044 0.68 36.7 
0.060 0.71 37.5 0.060 0.90 42.2 
0.096 0.98 44.0 0.096 1.51 54.7 
0.110 1.06 45.8 0.110 1.70 58.0 
0.138 1.30 50.7 0.138 1.90 61.3 
0.178 1.54 55.2 0.178 1.95 62.1 
0.230 1.76 59.0 0.230 2.00 62.9 
0.270 1.88 61.0 0.270 2.00 62.9 


ри?/2 = Yuzo*L sinê 


where 


p = Patm/RT where 


Pam = Үнго"Нат = 847 Ib/ft^3*(29.09/12 ft) = 2053 Ib/ft^2 
R = 1716 ft Ib/siug deg R 
T = 80 + 460 = 540deg К 


Thus, p = 0.00222 slug/ft^3 


Approximate boundary layer thickness as obtained from the graph: 


X, in. 6, in. 
1.75 0.15 
3.75 0.20 
5.75 0.27 
7.75 0.30 
(сол?) 


1-7% 


9А | (can’t) 


| Problem 9.112 
Velocity, u, vs Distance, y 


—e—x = 7.75 in. 
—B— xX = 5.75 in. | | 
—&—х = 3.75 in. 
—е—х = 1.75 in. 


u, ft/s 
S -— a | { ا‎ 


Problem 9.14 
Boundary Layer thickness, 5, 
vs 
Distance from Leading Edge, x 


ا و a aR‏ چ Тырай‏ د چ —— 


| * Approximate boundary layer 
E thickness 


Best fit power-law curve | 
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9.1 i3 | Pressure Distribution on a Circular Cylinder 


Objective: Viscous effect within the boundary layer on a circular cylinder cause bound- 
ary layer separation, thereby causing the pressure distribution on the rear half of the cylin- 
der to be different than that on the front half. The purpose of this experiment is to use an ap- 
paratus, as shown in Fig. P9.113, to determine the pressure distribution on a circular cylinder. 


Equipment: Wind tunnel; circular cylinder with 18 static pressure taps arranged equally 
from the front to the back of the cylinder; inclined multiple manometer; barometer; 
thermometer. 


Experimental Procedure: Mount the circular cylinder in the wind tunnel so that a sta- 
tic pressure tap points directly upstream. Measure the angle, B, of the inclined manometer. 
Adjust the wind tunnel fan speed to give the desired free stream speed, U, in the test sec- 
tion. Attach the tubes from the static pressure taps to the multiple manometer and record the 
manometer readings, L, as a function of angular position, 0. Record the barometer reading, 
Hy, in inches of mercury and the air temperature, Т, so that the air density can be calcu- 
lated by use of the perfect gas law. 


Calculations: Use the data to determine the pressure coefficient, С, = (р ~ po)/(pU?/2), 
as a function of position, 0, Here ро = 0 is the static pressure upstream of the cylinder in 
the free stream of the wind tunnel, and р = y,,L sing is the pressure on the surface of the 
cylinder. 


Graph: Plot the pressure coefficient, C,, as ordinates and the angular location, 6, as 
abscissas. 


Results: On the same graph, plot the theoretical pressure coefficient, C, = 1 — 4 sin?6, 
obtained from ideal (inviscid) theory (see Section 6.6.3). 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Static pressure tap 


Inclined manometer 


Cylinder 


& FIGURE P9.143 


Ccon’t) 
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Solution for Problem 9.1/3: Pressure Distribution on a Circular Cylinder 


В, deg Наш,» їп. Hg Т, дед Е U, ft/s 


25 29.97 75 47.9 
Experiment Theory 
9, deg L, in. p, Ib/ft^2 Co Cp 

0 1.2 2.64 1.00 1.00 
10 1.1 2.42 0.92 0.88 
20 0.7 1.54 0.58 0.53 
30 0.1 0.22 0.08 0.00 
40 -0.6 -1.32 -0.50 -0.65 
50 -1.6 -3.52 -1.33 -1.35 
60 -24 -5.27 -2.00 -2.00 
70 -3.1 -6.81 -2.58 -2.53 
80 -3.0 -6.59 -2.50 -2.88 
90 -2.7 -5.93 -2.25 -3.00 
100 -2.7 -5.93 -2.25 -2.88 
110 -2.6 -5.71 -2.17 -2.53 
120 -2.6 -5.71 -2.17 -2.00 
130 -2.6 -5.71 -2.17 -1.35 
140 -2.6 -5.71 -2.17 -0.65 
150 -26 -5.71 -2.17 0.00 
160 -2.7 -5.93 -2.25 0.53 
170 -2.7 -5.93 -2.25 0.88 
180 -2.8 -6.15 -2.33 1.00 


P = Yuzo"L sing 
P = Patm/RT where 
Paim = Yng Ham = 847 Ы/Ң^З*(29.97/12 ft) = 2115 Ib/ft^2 


R = 1716 ft Ib/slug deg R 
Т = 75 + 460 = 535 deg R 


Thus, p = 0.00230 slug/ft^3 
Ср = p/(pU*/2) 


Theory: C, = 1 - 4 sin^o 


(con't) 
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(copt) 


Problem 9.1/3 
Pressure Coefficient, С, vs Angle, Ө 


1 
i- 
i 
| 


| —— Theoretical (inviscid 
| flow) _ 


О 30 60 90 120 150 180 
0, deg 
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10.2 On a distant planet small amplitude waves travel across a 
1-m-deep pond with a speed of 5 m/s. Determine the acceleration 
of gravity on the surface of that planet. 


c =Ygy , where с=5 and y =| m 
Thus, 


10.3 The flowrate in a 50-ft-wide, 2-ft-deep 
river is O = 190 cfs. Is the flow subcritical or 
supercritical? 


3 
190 Ё 


шылу. Ta ے‎ L905 _ _ y 
Fr уду s where V 4 (2f soft) = /,д0 Ë 


(6, ii 
Fr = —— -0237«1 The flow is subcritical. 
[82-2 &)( 21) HU 
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10.4 The flowrate per unit width in a wide 
channel isq = 2.3 m/s. Is the ow subcritical or 
supercritical if the depth is (a) 0.2 m, (b) 0.8m, 
or (c) 2.5 m? 


V=% 4р-{ sihi Fr = = —4. = 


0.2. 8.21 supercritical 
0.8 1,03 supercritical 
2.5 0./86 


subcritical 
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10,5 A rectangular channel3 m wide carries 
10 m?/s at a depth of 2 m. Is the flow subcritical 
or supercritical? For the same flowrate, what depth 
will give critical flow? 


3 

: =. = 09 

e V or Y by (3m)(2m) 
Us, т 

Fx еге 0.376 «1 The flow is subcritical. 


iy j[(«& 22m] 


= /.667 Z 


m3 
Os 


| 2. 
= 3.33 A so that 
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| /0.6 | 


16.6 Consider waves made by dropping objects (one after 
another from a fixed location) into a stream of depth y that is 
moving with speed V as shown in Fig, P10.6 (see Video VI0,5). 
The circular wave crests that are produced travel with speed 
c = (gy)!” relative to the moving water. Thus, as the circular 
waves are washed downstream, their diameters increase and the 
center of each circle is fixed relative to the moving water. (a) 
Show that if the flow is supercritical, lines tangent to the waves 
generate a wedge of half-angle a/2 = arcsin(1/Fr), where B FIGURE P10.6 
Ег = Ү/(гу)!? is the Froude number. (b) Discuss what happens : 
to the wave pattern when the flow is subcritical, Fr « 1. 


(a) In a time interval of t since the object hil the water (and inrati ated 
the wave), the center of the wave has been swept downstream a 
distance VE and the Wave has expanded to be adistance ct trom 
ils center. This is shown in the figure below. Note that VE »cl 

if Vc (се, Fr>/). 


`~ 


e : ox. ct ЕРЕ ОСЕ А 
Thus, from the figme, Sinz = ор = 9 = у = Fr 


oF X = arcsin( 1/ Fr) 


(b) Tf Fr«l the above result gives I E. >! which rs impossib/e. 
For ><! the following wave palfern wovld recyft. There Is no 


“wedge” produced. 
Е РЕ non-conceniric 
XM S 4 277 7X. circular Waves 
ex CUR \ 
E ef | е а 
\ |) Жуй 
Y i79 GE E | | 
М 1 N * = m 9 
Vé<ct if Ge 
Fr<! 
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10.7 Waves on the surface of a tank are observed to travel at a 
speed of 2 m/s. How fast would these waves travel if (a) the tank 
were in an elevator accelerating downward at a rate of 4 m/s’, 
(b) the tank accelerates horizontally at a rate of 9.81 m/s?, (c) the 
tank were aboard the orbiting Space Shuttle? Explain. 


c e» 
= — = = 0.408 т 
Yo = 4852 | 
(a) TF the tank accelerates down wit acceleration а , the effective 
ии of gravity is Gore #874 -(?81-7)5 = 5.81 & 
US, 


CT Menpy ~ (5.81 4 )(o.v28m) = 1.542 


(b) If the tank accelerates horizontally with 


acceleration a, the effective acceleration is mad 
fen ZI a? = J481*44,8I^ = 13.87 55 


Thus, p" g 
C= (3 8725) (0.408m) = 2.38 2 
=< ü 


(c) In orbit ett 20 (weightless) so 670 
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10,8 In flowing from section (1) to section (2) along ап 
open channel, the water depth decreases by a factor of two and 
the Froude number changes from a subcritical value of 0.5 to a 
supercritical value of 3.0. Determine the channel width at (2) if 
it is 12 ft wide at (1). 


Fr, "gi = 055, or Voy, = 2.0V (1) 
А 


= Ф =3.0 where У;#0.5у, 


Үзу 


Thus, М „3.0, or Vgy = V, (0312.5) (2) 
09529), 

By equating Eg. () and (2): 29V = № / CG5) 

or 

АА 


However, Q, 7G, or by, И = b. y, №, where b «channel width. 
Thos, with b, 7 12 ff* oa 
(1241) у, (V) = b, (0-5 у,) (424 V.) or b= IELA = 5,66 


"e 
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10.9 Observations at a shallow sandy beach 
show that even though the waves several hundred 
vards out from the shore are not parallel to the 
beach. the waves often “break” on the beach 
nearly parallel to the shore as is indicated in Fig. 
P10.4. Explain this behavior based on the wave 
speed c = (gy). 


BEA Bei 
FIGURE P10.q 
Since C: gy il follows that С, >C, because of the fact that y,2y,. 
There fore, as the waves move, that portion in the deeper water 
lends to catch up" with that portion closer fo shore in the shallower 
waler. The wave crest tends to become more nearly parallel to the 
shore line. The waves “break” on the shore as if the wind were blowing 
normal to the shore. 


А 
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10.1 Often when ап earthqua ke shifts а seg- 
ment of the ocean floor, a relatively small am- 
` plitude wave of very long wavelength is produced. 
Such waves go unnoticed as they move across the 
open ocean; onlv when they approach the shore 
do they become dangerous (a tsunami or “tidal 
wave"). 

length, A. is 6000 ft and the ocean depth is 15,000 
ft. 


From Eq, 10.45 C= -[24 tan p (22v Ji^ 


5 
с-| aane i: nh (220080) = 125 H 


6000 fi 


10.12 А bicyclist rides through a 3-in. deep puddle of wa- 
ter as shown in Video V10.5 and Fig. P10.12.If the angle 
made by the V-shaped wave pattern produced.by the front 
wheel is observed to be 40 deg, estimate the speed of the 
bike through the puddle. Hint: Make a sketch of the current 
location of the bike wheel relative to where it was Af sec- 
onds ago. Also indicate on this sketch the current location 
of the wave that the wheel made At seconds ago. Recall that 
the wave moves radially outward in all directions with speed 
c relative to the stationary water. 


At time { =0 the front wheel was m FIGURE P10.12 
at point О), А! the current lime, fc 

t=at, the wheel has traveled a c 
dislance d= Val and is at point (I). 
At time t=at, a wave produced » 
by the wheel when if was at (0) 

will be a distance cat from (0) / | | 
as indicated inthe figure. n 
Waves produced al variovs times 
(from 1*0 10 1 =At) by the from 2 
wheel will form a V-shaped wave — 7 


wave produced 
al (o) when £=0 


V-shaped “bow 
wave from front 
wheel 


as shown in the second figure Н 

( provided V>c ; syperorit ical \ X2. = 20° 
bike speed). ic 

From the geometry of the figure Val 


‚к Саб \ 2 
Sina = Vat ' cat i 
or $ 


n 
RENS where C- [gy = [32.2 ERI) = 2.662 
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10.(3 Determine the minimum depth in a 3-m-wide rectangular 
channel if the flow is to be subcritical with a flowrate of 


О = 60 m/s. 
-9 „ T _ 20 here V~ 2 when yedepth~m 
(3m) y у, where 3 when y = dep 
Also, 
Es CE) _ 639 


“thy * [4.81 0y] 2i у2/2 


Note: As y decreases , Fr increases 
Thus, 10 have Fr<! we must have 6.37 | 


3/2, 
у 2 


у> (6.39) = 344m 


[0-/0 


10.14 (See Fluids in the News article titled ‘Tsunami, the nonstorm 
wave,” Section 10.2.1.) An earthquake causes a shift in the ocean 
floor that produces a tsunami with a wavelength of 100 km. How 
fast will this wave travel across the ocean surface if the ocean depth 
is 3000 m? 


À А 
E -|# tanh (27У | , where A=100km = 10°» and у = 3000m. 


Thus, 
M 5 С 
Cz] 181 s% (105m) 27 (3000 m) à 
[MUI tal Gara) р 
or 


o PP) = 616 He 
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10.15 Water flows in a 10-m-wide open channel with a flowrate 
of 5 m?/s, Determine the two possible depths if the specific energy 
of the flow is E — 0.6 m. 


2. 


Ее ут چ‎ where E =0.6m and 


3 
Ь 10 is О, © 


t 
T hus, д; (1) becomes 


Обт = у + ла 
S? 
ог 
06 = у + e ‚ where ym 
Solution to this equation give 


y= 0,569m and y *0.1?3 m 
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10.16 Water flows in a rectangular channel with a flowrate 
per unit width of g = 2.5 m?/s. Plot the specific energy diagram 
for this flow. Determine the two possible depths of flow if 
E = 2.5m. 


2,2 
(2.52) 0.319 
= yr = + - = tf 
dii 24у* "Y ^ 2(48)y? АЫ 


Thus, plot 
E= y+ 


z-, where E~m, y~m 


2. , ma یل‎ 
Mole : t£ m) = 0,860m 


Emin = 2 Ye = 2 (0.860т) = 129m 


0.319 
y 


and 


yvs E 


0.3/9 
For E-2.5m, £e. (I) 15 2.5 zy + y* 
or y? -2.5y7+0.3/9 = 0 


The roots to this equation are y = 2.45 , 0.338 , and -0.335 


Thus, у= 2-45 т ог y = 0.388 т 
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10.17 | 
10.17 Water flows radially outward on a horizontal round 
disk as is shown in Video V10.i2and Fig. P10.17 (a) Show that 


the specific energy can be written in terms of the flowrate, Q, 
the radial distance from the axis of symmetry, r, and the fluid 


depth, y, as 
E оү 
= у + => 
i 217) 2gy? 


(b) For a constant flowrate, sketch the specific energy diagram. 

Recall Fig. 10.7, but note that for the present case r is a variable. 

Explain the important characteristics of your sketch. (є) Based 

on the results of Part (b), show that the water depth increases 

in the flow direction if the flow is subcritical, but that it B FIGURE P10.17 
decreases in the flow direction if the flow is supercritical. 


Q 


i 2 
(a) The specific energy is E =y + 5 ‚ where V= $- а 


Thus, 2 | 
Е= y * (35) Bg ye 


(b) Let g = £ so thd Е = у t which is the same as for 


{шо dimensional flow with @ = ® being replaced by à. However, 

for two dimensional flow g is constant; for гайга! flow Z is a 

variable since r varies. But E vs ycurves for constant j would 

look as shown below (Fig, 10.7). subcritical 


(c) From the Bernoulli equation 
Е,=Е, or E= constant {ог this flow, 
Consider subcritical flow — point 
A. For outflow r increases so that / 
x decreases. Thus since E= const., increasing f 
the flow goes from state A, to Aa; 
the depth increases, For sub- 
critical inflow г decreases, 4 increases, ^^ Fi7Ea 
the flow goes from A, to A, and the depth decreases. 
For supercritical flow 1 is trve. Thus, 
oulfow increases r, decreases $; 0r inflow 


from B, to B= decreasing depth. 


Super- 
Critical 


subcritical 


depth 
decreases 


supercritical 


‚ depth 
increases 


odes h 
Supercritical inflow from В, to8—  ovtflow ie nuo 


increasing depth. 
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سا‎ 
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10.18 Water flows in a 10-ft-wide rectangular channel with а flowrate 
of 200 fC/s. Plot the specific energy diagram for this flow. Determine 
the two possible flowrates when the specific energy is 6 ft. 


3 


2 200% ni 
Е = + ya where 2.2% "Up sue 


Us (298) 
Bey" 20322909) ys 


(4) E y+ SZ where E and y ~tt 


Eq. (N ıs plotted below. 


у2- 64,2120 which has solutions 
У =-5,82 f on у =1,129 ft 


These Valves Pe ren the above figure. 


10-15 


тола | 


10.19 Water flows in a rectangular channel at 
arate ofq = 20cfs/ft. When a Pitot tube is placed 
in the stream, water in the tube rises to a level 
of 4.5 ft above the channel bottom. Determine 
the two possible flow depths in the channel. 11- 
lustrate this flow on a specific energy diagram. 


aM +z, = ny Ve ig where Z,-Z 
y 29 “! ¥ 29 72) 122, 


һ„=0, =, and = #5-(у-) 
Thus, : | : 
ht = 4s5-yth, or dy -45-y 


but, н? 
7 -4 „ 203 


у y 
Hence, 
20 
ГУ). =45-y ог у -#Sy*+6.21=0 , where y-fl 
2(32.2 8.) | 


The roots of this egvalion are y= **, 1.42, and -1.06 


US, 
y= 414 fl or y =/.42 ff 


2 (20 £y - 6z : 
Еу фу АЕТ а E-yt 2: ay 
28 


The specific energy diagram (plot of £g. 1 іе shown below. 


5.0 - 
| Е | ЖА NE | 
an Жук | | 


10.20 Water flows in а 5-ft- wide rectangular channel with 
a flowrate of Q = 30 Ї/$ and an upstream depth of y, = 2.5 ft 
as is shown in Fig. P10.20, Determine the flow depth and the 
surface elevation at section (2). | 


0.2 ft (2 
(1) 


FIGURE P10.20 


2 
2. 212. = 
F ^ 2g +42, where ка 2, =, =2, 2,=O0.21 ty, 


29 
-Q _ Gof) H - зой _ 
ү А (25A) 73$ ,an №= n? (Sy ~ Ya 
Thus, , 
202.2) Db eve 25 " Ms 


or 
3 2 А 
Y 9 +0.559=0 which has roots у= L774 0.632, and - 0,632. 


3 it 
Note: Fr, =. "fez2sbenj^ 


П y, = 0.432, then Fool, This y 
cannot be since there js no "bump" 
between (n and (2) at which critical 
conditions can Occur: 


Thos, у, = 177# f and 225 1.974 fl 


= 0,374 <] 


C) у=2 ff 
(2) y, =. 77444 


2. = 0,632 tt 
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i 
Маре 


a) 


(2) 


10.21 Repeat Problem 10.20 if the upsweam depth is у; = 0.5 ft. (E ү 


0.2 ft (2) 


(1) j 
FIGURE P10.20 — 


VŽ Зеб а 2 
Gl + GAF e+ няд, where p= f,-70, #2, = Jy = 0,511, z,-0.2flty, 


s 30 £p ft Q 30 £P é 

z A ooo ш [2 = ылы dis Tits "m 
| (asic) 129, and V = egy = Ys 
Thus, ГИР 

(12 Hy +0.5 ft = Ye + 0.2 +y. 
2 (32.2 1) 262.28) * 
or 

y? oe + 0.559 =0 which has roots y, = 2.49, 0.528, and -0. 434 


12 Ё 
Mote : Fr, "р “posuj = 2.99>| у 
If у, = 2.464, then Hz 41. This cannot be 
since there is no "bump" between (I) and (2) 
at which critical conditions can occur. 


i 70.528 fi 
y = 0.5 t4 


Thvs, у= 0.528 fl and 22.7 0.728 ff 


[0-18 


* [022 | 


10:22* Water flows over the bump in the bot- 
tomofthe rectangular channel shown in Fig. P10.22 (1) 
with a flowrate per unit width of q = 4 m’/s. The 
channel bottom contour is given by zg = 0.2e7”, 
where 2» and x are in meters. The water depth 
far upstream of the bump is y, — 2 m. Plot a 


graph of the water depth. y — y(x), and the sur- s 
face elevation, z = 2(х). for -4m x £4m. ` ag = 0.2е7* 
Assume one-dimensional flow. FIGURE P10.2.2 
Y. 
RET 42,2 +25 #2, where fi =0, Z=% = 2m, Z;-yt*g 


org-yto2e6e а y= Ё = 22 -22 and V= € = * 


Zh 
fa my? 2 
Thus, {28 2т= (EE), т) у+о2е * 


Bg 2 (68152) 20811) 

- (2.20 -0.2&*) y** 0.815 =0 where y~m 0) 
Solve for y e -4£X€ m 
Note: Fr, = 22 = 0.452 <| 


"ni MICE 
Thus, the flow will remain subcritical 


throughout — the largest root of £o. (1) 
will be the correct one. 


The following results are obtained by solving Ee. (1) for y 
and then #=уз01е -X for - Уре т, 


*х, т у, т zm 
0.0 1.727 1.927 
0.5 1.790 1.946 
1.0 1.901 1.974 
1.5 1.969 1.990 
2.0 1.991 1.994 
2.5 1.995 1.995 
3.0 1.995 1.995 
3.5 1.995 1.995 
4.0 1.995 1.995 

(con't) 


(cont) 
The above resulis are plotted in the graph below, 


y VS X 
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10.23 | 


*10.23 Repeat Problem 10,22.if the upstream depth is 
0.4 m. 


a 
zp = 0.2e "E 
FIGURE P10.22 


Bs Hag, = = & +2 "s eZ, where fif =0, 2,0 m, Z= y*Zp 
orZ-yto28*, Ya ИЗ" ign and V= = ў 


0.4m 3, 
Thus, | (108) (т) -x* 
—— o. tO4m-—X43.. +yt02e 
2 (4.812) 2 (2.8/2) уно 
ог 2 
у? (5.50 -0.26 * )у<-+0.8/5 =0 where yom (D 


Solve for y -4zXt4m 
Note: Fr "к 0-502 У 
Malis E "[esmyom]* 
Thus, The flow will remain supercritical 
throughout —the smallest positive root of 
Eq.) will be the correct one. E 


The following results are obtained by solving Eg. (? for у 
and then Z=y+0.2 e x for - Ym X т. 


+X, m ym zm 
0.0 0408 0.608 
05 0406 0.562 
1.0 0403 0476 
1.5 0401 0422 
2.0 0400 0:404 
2.5 0400 0400 
30 0400 0.400 
3.5 0400 0.400 
40 0400 0.400 
(con't) 
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/0.23*| (con't) 
The above results are plotted on the graph below. 


10-22. 


О 


Nee 


10.2% | 


10.24 Water in a rectangular channel flows into a gradual 
contraction section as is indicated in Fig. P10.24. If the flowrate 
is О = 25 ft?/s and the upstream depth is y, = 2 ft, determine the 
downstream depth, у». 


FIGURE P10.24 TOP view 


HY (2) 
' _ Side view ‚ 


where pt- =0,2,=y=2f z= “Ys, 
3 
25 f 
у= = 255 = 3/3 ond Veh = 28. 8.33 


Ой) 773, ^^ GMY У, 


Thus 
| ав: £y * 2fl- EG i + 
2 (32.2%) ` 203228) 5 
or 
у? ~ 2,15 x + 1077 =O which has roots у, =1.828, 0.946, and-0.623 (D 
ft 
Note: Fr, = End P 0.390<! 
| ET, зг. 2а н 


Since there is по relative minimum 
area between (1) and (2) where critical 
flow can occur it follows that Fr, «! 
also. Thus, it is no] possible fo 

have У, = 0.948 


Thos, у, = 1.828 ff 


19-23 


C 


ыы” 
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10.25 Sketch the specific energy diagram for the flow of 
Problem 10,24 and indicate its important characteristics. Note 
that 4; £ д». 


Е = у+ зу 
Thws, for the b= 44 chamel , $7 2. 


or at 
ړن ے‎ 25 8) a 7 
Ету 2(82:28,)y? OF Boyt бут 
iP 

For the b,73 fl chamel, 82 ©. = = = 9,33 Ё 


2. 


A (8.337 
= ook ьо СТЕ ВЕ 1077 
i У? 26128)ys or Е=у+ 2 


Note: X ری‎ so that Ls (gy - (Gast) е 10671 


апі 
ur. (8.3345 VÀ. 
ez ) = T ) = 292 A 


32.2 H, 


92.2 H 
Also, Enin 72 Ve, or Emin = 2 (10671) = 60] 
Emina = 3 (1292 fl)- 1338 
The specific energy diagrams (Egs.(1) and (2) are plotted below: 
2.5 cM e deis 2 


| «1.828 Fl 
1.5 1 оч Е / 2 Cee Prob 


y, ft 


10.2.6 | 


10.26 Repeat Problem 10,2if the upstream depth is у, = 0.5 ft. 
Assume that there are no losses between sections (1) and (2). 


Top view 


FIGURE P10.24 


" Side view 
rd tho w+ in, where 4) = f = =O, zZ,” у= =0.5ff, 22° У, 
ЕР £p 
29... 253 pct 29. ے‎ 259 „ 8.33 
ү da amos = /2:5 3 , and 2= Ay (ЗР y, У 
Thus, Gg) 33)? 
2. (32.2 $5 © 2(32. 2f 2 


r 3 Я 
уз 7-293 y; + 1.077 =O which has roots y,= 2.79, 0.69% and - 0.555 


Pac ME >. 12.5 Ё 
Note: Fn = Voy o [22.2 £) (0.54) 
Since there is no relative minimum 2 
area belween (1) and (2) where critical 
flow can occur it follows that Fr,>! 
also. Thus, it is not possible lo 
have у, = 2:79 (the subcritical root). 


Thus, у= 0.694 f 


= 3./2>] 
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10.27 Water flows in a rectangular channel with a flowrate 


per unit width of g = 1.5 m/s and a depth of 0.5 m at section (2) 
(1). The head loss between sections (1) and (2) is 0.03 m. Plot d 

the specific energy diagram for this flow and locate states (1) V Va 

and (2) on this diagram. Is it possible to have a head loss of pore у, А 


0.06 m? Explain. j } 


ga. FZ, = = +e A +2, +h, A where P f0, Z=0.5m, Z2 2%, (i) 


4 _ Is% т 4 150 
= ose ہے‎ OE = Е a ee aS 
177 = osm = З= , and a = %» у 


Thos, with E = yd and h, = 0,03) £e, (1) is 


E, = Е, +0.03 

Also, $ (1.52)? 
Е = У+ тууз = - У + Day? 

ог 


Eq.(2) js ped below. 


Mote: y, ( E) (CED 0.612 m 


and З P 
Emin =Z Y= z(O42m)-0./8m 
Also, 2 т? 
LEF 
= PT. o guys 


л л ue Ей 
^ 22^ 2(4.815:)(o.5 mf 
and Ea= E,- 0.03 = 0.929 т 


Note: If А, = 0,06т 
with £, =0,959т so 


that E; - E, - 0.06, 
then 
Е, =0.899: m < Emin 


Thus, it is not possible 
Jo Jae h,=0.06 with | 
the given q and y, . 


e 
Г Jr 
i > ' 


L^ Emin= Ыг 


04 06 08 10 12 14 16 


Е, т 
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10.28 Water flows in a horizontal rectangular 


2) 
channel with a flowrate per unit width of g = 10 لپ‎ 
ft/s and a depth of 1.0 ft at the downstream Уу, y X el, 


section (2)..The head loss between section (1) : 
upstream and section (2) is 0.2 ft. Plot the specific oT 
energy diagram for this flow and locate states (1) 

and (2) on this diagram. 


2 a ge 
Artt +2, = fa +2 +2. thy А where 27579, А = ГА = ve = Tz: (i) 
| 2 and у =1# 
Thus, with Ex y+ à 
2 ff^? 
A = үф _ (04) _ 
2gy* y 2(32.2 5 )y2 


E=y+ АУ where E~ fi, у. (2 

and £g.) gives E,=E2th, «£4 * 0.2 H 

Ee.02 is plotted below, , 

Me: y L2 ys [0ER k ume 5 
AF pe nid ) =, Epi Eh 301) 2.194, 


3228 
5.53 
E= у + А = lf 2593 = 2,550, and E, =Е, +}, = 2.75 ff 


yvsE 


10.29 Water flows in a horizontal, rectangular channel with an 
initial depth of 1 m and an initial velocity of 4 m/s. Determine the 
depth downstream if losses are negligible. Note that there may be 
more than one solution. 


Е =у + я : where from the initial conditions, 
y =/m and $,* g z уе 2 (4m (um) = 4E 
Thus, 2. 


-2 
420) 
бас: 2 -[$j5m 


= « 1 e ИШНИ 
E,=y,* Ё. «Im * 9.81 B (m) И | 
ОС; | Vy) ү 
(Note: Since ф = Vy, E = y+ ту = Y tig 


With ho losses, EAE, $0 that g NÉ (е, @, = qb = Q Gabay 
Hence, (4E with b, bz.) 
E785 m = Ж GHEY 

or 

1,815 At туз 

which has solutions 

у = / m (same as the initial depth) 


of 
y = 1.40 m 


—— < 


The energy diagram and these two depths are shown below. 
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10.30 А smooth transition section connects Q 
two rectangular channels as shown in Fig. P10.30. 
The channel width increases from 6.0 to 7.0 ft 
and the water surface elevation is the same in 
each channel. If the upstream depth of flow 1s 3.0 n | | 

ft, determine й, the кеш сз тор тс. | -FIGURE Р10.30. Тор view 
to be raised across the transition section to main- OV 


tain the same surface elevation. 


. 2 | Р i 
Hr en т ie +22, where f “fa =0 and 2,7 Za e 
Thus, Y=% or 

$-5 Hence, A, =й, or (6f10f0) = (781 )( 3 - h) 


g = 0,429 fl 


Note: = 8 - 9 and pE = $ <е, 
and 


2 2 
Е,= у, + and Ё, = у, + zs Thus, since М = tt follows 


і hal Е, hr Е, = у, z X 
The corresponding specific energy diagram is as indicated below: 


7 


l70.3f | 7 


10.3! Water flows over a bump of height m 

h = h(x) on the bottom of a wide rectangular POE: 
channel as is indicated in Fig. P10.3! If energy "-- o mU 
losses are negligible, show that the slope of the A 


water surface is given by dy/dx = -(dh/dx)/ 
[1 — (V7/gy)], where V = V(x) and y = у(х) 
are the local velocity and depth of flow. Com- 
ment on the sign (i.e., «0, =0, or >0) of dv/dx 
relative to the sign of dh/dx. 


һе) 
FIGURE P10.3! 


For any two , ро on the free surface : 
Gl + fe Ze Gt 2 +22, where 25, Z=», and 22 = ht) 


Th 7 s hty =constant so that by differentiating 


2045, dh, dy - 
2 dhs dy 20 0) 
Also, for conservation of mass 
Vy =Vy or VÀ «y 9 =0 or N = -X dy @) 
Combine 25. (D and (2): 
МГУ dy)4dh „ау . -(4 
gly ZR tp <0, or N- ae) 


Note? If Fr = "i <1, then 4 and Y have the opposite sign 


Stirs! ‚ then Ф and SY Җан р 
ae >| 
have the. same Sign. TS 
, کس‎ лд 
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10.32 Integrate the differential equation ob- 
tained in Problem 10.3! to determine the “draw- 
down" distance, £ — f(x), indicated in ps P10.31. 

Comment on your results. 


From Problem lo. °: 


d (8) ү, 
where Vy, = Vy ог V= 22 
9^ Ug" ] | 


2 2,,2 
Thus, y* _ C = MX go that 


#Y у gy 
dy 1-2. 1 a [s (Ў )у ]ay = -(d)dx 
$^ 


y cod from y=y, and /х=о, with й а given function of x. 


fie -QEE)y?]ay - fe dc {tbe 


oe 


[regne Uh Tha, y PY di ot 
yi 


or 
y-(nvz :-h)y* (M2) =о | 

Obtain у= у(х) from Ег, 0) and then £= #6) from y, = h+y +0 

or #= У, -h -y 

Note ‘ Ед, (0) is Сии more than 4 Bernovll’ equation: 

D^ with y- wy МИ оа? 


ТА 
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10.33 Water flows in the river shown in Fig. 
P10.33 with a uniform bottom slope. The total 
head at each section is measured by using Pitot Р 
tubes as indicated. Determine the value of гү = 620.1 ft | 


dyldx at a location where the Froude number is 23 = 628.8 ft z2 = 618.7 ft 
0.357. x2 — xj = 4100 tt эд = 6250 ft 


FIGURE P10.33. 


dy _ 5$; -S, _ h _ Zs-Z& _ (628.3-625.0)fl 


atas where from the figure ГТ xXx, #Hioolfl 


or S, = 8. 05x10" and Sof - #08. (6201-4192) 


Thos, 


dy 8.0: 05х10°— 3,4/x]O * 


dx < -oas 70.000532 (;е 2.e dt) 


= 3,4040“ 
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Е (3) 


10.34 Repeat Problem 10.33 if the Froude number is 2.75. i 


z 
620.1 ft | 


628.3 ft 22 
xj = 4100 ft 24 


FIGURE P10.33 


21 
23 
х2 


po od 


"oam 
e 

МА 

со 

ч 

т 


dy . 25625, where from the figure S, = № ے‎ Esc _ (620.3 - 625.0) ft 


LET xoa 4loott 
= ot _ #,-7з2 _ (620.1 - 618.7) ft _ ot 
x x 2 E E оой ^ 9x 
Us, 
dy 9.05 4!10*-3, [0% _. -5 
-O—u—-5-Z07x007 (ре -0372H 
di 1- (2.75. 21707107 (фе 032225) 
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10.35 Water flows in a horizontal rectangular channel at a 
depth of 0.5 ft and a velocity of 8 ft/s. Determine the two 
possible depths at a location slightiy downstream. Viscous 
effects between the water and the channel surface are negligible. 


Fr = 8 ft/s 
Br Y32.a MAOSH) 


Thus, with Fr 71 there could be a hydraulic jump with y,» y, =0.51. 
If so, then 


E. -ii ey TEER] = ا‎ +ү]+8 (L5) - 2.36 


So that 
yo = 2.36y, 22.36 (0.5 TD = 118 ff 


= /,7@ 


Hence, either y, = 0.51 (no jump) or y, = 1.18 f} (with jump) 
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10.36 Water flows in a 5-m-wide channel with a speed of 2 m/s 
and a depth of 1 m. The channel bottom slopes at a rate of 1 m 
per 1000 m. Determine the Manning coefficient for this channel, 


>; 
i) Ve К VS,, where 


0 


,K x and 


R жш Im (Sm) 
h^ P ~ (Smtlmtim) 


Thvs with V =2 from Eg. CU 


2 = p ($) [ой 
or 
n = 0,0126 


honman 


E 
= 5m 
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10.37 Fluid properties such as viscosity or 
density do not appear in the Manning equation 
(Eq. 10.20). Does this mean that this equation is 
valid for any epen-channel flow such as that in- 
volving mercury, water, oil, or molasses? Ex- 
plain. 


The Manning equation, @ -KARS e was "derived" specifically 
for water. Tf is пої in dimensionless form and cannot be vse without 
alteration (ie. different n values; different dependance on р; elc) 
for other fluids. 
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10.38 The following data are taken from 
measurements on Indian Fork Creek: A = 26m’, 
P = 16 m. and 5% = 0.02 m/62 m. Determine 
the average shear stress on the wetted perimeter 
of this channel. 


T, = 0) 5, , where Ry= f 
26м? \ү 0.02m 
Thus, Ty = (8800-0228) (2.522) = 5.15 


16m 
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10.34 Тһе following data are obtained for а 
particular reach of the Provo River in Utah: 
A = 183 ft^, free-surface width = 55 ft, average 
depth = 3.3 ft. R, = 3.22 ft, V = 6.56ft/s, length 
ofreach = 116 ft, and elevation drop of reach = 
1.04 ft. Determine the (a) average shear stress 
on the wetted perimeter, (b) the Manning coef- 
ficient, п, and (c) the Froude number of the flow. 


104 
а h=% fhn , where S7 10 = 0.00897 


Thus, ТУ = (62.42, 
b) = A Е 5,5 = AV , where K=149 
Thus 25 oh 25 
› LAIR S, _ (179)(3.22) " (0.00897) 
i Y 6.56 


) (2.2250) (0.00897) = 1.8045, 


4 
= 0.0469 


Н 
c) Fr "ue = L6 56$ | = 0.636 <] (subcritical) 


У [(з2.2%®)(з.зя+)]* 
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10.40 Ata particular location the cross sec- 
tion of the Columbia River is as indicated in Fig. 
P10. #0, If on a day without wind it takes 5 min 
to float 0.5 mi along the river, which drops 0.46 Dum Gs 
ft in that distance, determine the value of the 0 800 1200 
Manning coefficient, #. : өш 
FIGURE P10.40 


(0,5 mi (5280 ) 
(5 min) (60-5) 
From the Manning equation, 


K po 0.46 ft 
= ote <49 S mE sis 222 = 0, 
V= Rh S^, where `9 (05т!)(52800) 0.000174 (1) 
and f= Р. 


Approximate A and Р from the figure as 


As thy = d (1700f1) (44H) = 327,400 ff? 
an 


2 
P= /800 ff Thus, Р I - 208 fl 
Hence, from Eq. 0) ’ 


24 7 
8.8 = 442 (208) (0.000174) 
0 


From the given data, V= - 8.8 Ë, 


r 
n= 0. 0/69 


10.41 A 2-m-di ameter pipe made of finished concrete lies on a slope 
of 1 m elevation change per 1000 m horizontal distance. Determine 
the flowrate when the pipe is half full. 


К. 
Q z AV = FAR, EU where K = ! and 5. EL = 0, 00| . 


fee А= (20) =F (am) -,s7m* 
an (Т 
R=4 = EED) D ے‎ £P 20,5m 


æ — 


P TD 4 


From Table 10,1, for finished concrete , hn = 0.012. 
Thus. um Eqn), 


Q- ui (1,57) (0. Ж * 0,001 
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10.42 Rainwater flows down a street whose cross section is shown 
in Fig. P10.42. The street is on a hill at an angle of 2°. Determine 
the maximum flowrate possible if the water is not to overflow onto 
the sidewalk. 


бт. 
Asphait street 


Sidewalk 


Concrete curb 


BFIGURE P10.42 


2. 
Q= +A Вр V5, , where K= 1.49 and S, = fan2°= 0.0349 i) 


Although part of the channel is asphalt and part is concrete, since 
the valve of n is similar for each, vse п = 0.0/6, the value for asphalt. 
Also, approximate the cross section 


as a triangle as indicated. le f= olos -Sfi— 0:58 
Thus і ds ft 
ЖЕ 2 Р 10 ——#- 
As (5 0,5)(0,5) Н =/.375 fl 
ала 
Р = 42 (0.5f1)+ ks st)? (0.54)? = 5,73 fl 
so that 
A. 1.375 2 
Вр = 4 = UEnH < 0.20 


Hence, from Eq.(: 


/. 2. 3 
Q= 255. (1.375) (0.240)* 0.0349 = 9,25 5 
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1043 | LE 


Center board 


10.73 By what percentis the flowrate reduced 
in the rectangular channel shown in Fig. P10.43 
because of the addition of the thin center board? 
All surfaces-are-of-the same. material... 


Q- K4 В, Ss 2 E 
Without the НИ A -b (8) = E, = A= -b 
ог ў 
2 ^4 c 
Фл = HER S (0 
With the rial Е. 2, where A= (B) 2), 
R uz Az = (2) -b 
I E s2) 6 
Ys 
m 2E(&) (3) (2) 


Divide Eq. (2) by Eg. (D f obtain wih. _ 202) G 


; = 0, 743 
Ovithout (2) ya 
a [00-753 = 23.7% redvetion ~ mo 
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16.4% Тһе great Kings River flume in Fresno County, Cal- 
ifornia, was used from 1890 to 1923 to carry logs from an el- 
evation of 4500 ft where trees were cut to an elevation of 300 
ft at the railhead. The flume was 54 miles long, constructed of 
wood, and had a V-cross section as indicated іп Fig. P104, It 
is claimed that logs would travel the length of the flume in 15 
hours. Do you agree with this claim? Provide appropriate cal- 
culations to support your answer. 


Ш FIGURE P10.44 


J = distance traveled = YE. Thvs, 


2ِ (5% mi) (5280 ft/m) c 528 f 
Vag t “(15 hr)(3600s/hr) USE 


Determine the average water velocity, V, and compare sf with this V. 
= ERIS, , where KeLv9, = т (HP) = ost" P= 2} 
2 
so that Вр = 2 = Lr fi = 0.25 ff 
Also, 
AZ (4500 -300) f 


So = “у * Tem) (5280 fl/nj) 
Thus, with /7=0.0/2 (see Tahle 10.1, planed wood), 


Y= ад (0.25) J0.0147 - 6.97 ft 


0,012 


= 0. 0/47 


Note: Vis slightly larger than V g- Thus, the claim appears ty be 


correc?. Yes. 
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10.45 Water flows in a channel as shown in Fig. P10.45. The velocity 
is 4.0 {1/8 when the channel is half full with depth d. Determine the 
velocity when the channel is completely full, depth 24. 


27: 
V=% R, "FS, so that 


since X, n, and S, are the 
same for both the full and 
half-full conditions. 


К р?% 25 
(1) = =o Em ее 
3 
jul (RR VS Эн Ph fo 


Also 
(Hy (.4)004) _ 10 4 
КТ “Р (04+244у 7 


hs Á (4)(104) _ 5 
ШИ (в) ТЕТЕ “ла 


Thus, from Eq. (I) 


' 3, 
Мы (GR 14532. 
“(| =! 
[ДУГ zd 


or 
e Н = 5,7 H 
Ve 2L2 yg OEE 
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10.46 А trapezoidal channel with a bottom 
width of 3.0 m and sides with a slope of 2:1 
(horizontal:vertical) is lined with fine gravel 2 
(п = 0.020) and is to carry 10 m?/s. Can this RI— 3m اج‎ 
channel be built with a slope of $, — 0.00010 if 

it is necessary to keep the velocity below 0.75 

m/s to prevent scouring of the bottom? Explain. 


Determine V with Q= jo 2E and $, 0.00010, 
Q = -KAR ү , where A=zy[3t(3t4y)]  2y^*3y (0) 


and B, = р, with ) =3+2 (15у) 

hus, | 2y^**3y]^ д 
= 2 2 

jo» be eyra 227522) “(0.0000 


or 5% 


ر 2۷3+ 3( 


„2 
2у*+зу-6.оз (34208 y) =0 sU (l) 


which can be written as 


А standard root-finding computer program gives the selvtiun to Eg. (D as 
y =2,25m 


Hence, from Eq.(0 Д = 2 (2.25) + 3(2.25)=/6.9 m? 
so that 


V= Q = _10 5 = О, m 
a nt ОРЕ 


Thus, V «0:25 £ so that scouring will nel occur. 


MENU E TTT 
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10.47 . Water flows in a 2-m-diameter finished 
concrete pipe so that it is completely full and the 
pressure is constant all along the pipe. If the slope 
is Sy = 0.005, determine the flowrate by using 
open-channel flow methods. Compare this result 
with that obtained by using pipe flow methods of 
Chapter 8. 


For open channel flow Q= # A Буз S 4 


Also, A=ED*= Z(2m)- 3.14m* and Р=п0 =6.28т so Hat 


A 3.14m? _ 
By 0.5 т 


Hence, with n= 0.0/2 for finished concrete (see Table 10.1) 


, where К=] 


Q- L7 (2.14) (6.5) 5 (0,005) = //,7 (open channel) 


For 1 flow with constant pm 


ES +2 a +z (E ix 4 
کک‎ SiS VERI 
NM. Pr = fa and Е А E 
Thus, with Z,- 22748, , i 
15, =F 35 
or | 
[У = 29DS, =2(9.81%)(2m)(0.005) Thus, fV^ 0.196 (1) 
From Table 8.1, for smooth concrete $ = 0,3xl т /2m = 1.50 
. VD = V(2m 
Also, Re = X? = тх = 1.79x10°V (2) 
and from the Moody chan (Fig. 8.29): 
Solve Egs. €, (2), and (3) for. f, V, Re: ы (3) 
Assume f= A 015 so that from £g. tn 


Vi a48 


pom /.7#х/0%(3.6/) = 6.4 6x06. Thus, from £g (3) Medy chart) 

f = 0.013 € 0.0/5. Assume f=0.013, op V=[ Oo] 4 = 5.884 

so that Re =/.79x/0°(3.88) = 6.95 x/05 Thus, from £g. (9). f= 0.0/3 (checks 
with the assumed valve) Hence, V=3.88% or 


Q s Z(2my (2882) = 12.2 m (pipe flow) = 117¥ (open change! 
icm AI 


[0-94 


O 


10,48 Water fiows in aweedy earthen channel 
at a rate of 30 m*/s. What flowrate can be ex- 
pected if the weeds are removed and the depth 
remains constant? 


Q-KAR A SA Let ( Jy denele по weeds ; ( ), denote with weeds. 
Thos, since fly Anw , Phy Pag, апа Sow = Sony it follows that 


he 
Que To Aw Ria So 


Nnw 


From Table 10.) fy = 0.030, n „= 0,022 
or 


=h 0.030 Fa я 
Quy = T Q, = £77 (304) = 40,9 Æ 


0,022 
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10.49 A round concrete storm sewer pipe used to carry 
rainfall runoff from a parking lot is designed to be half full 
when the rainfall rate is a steady 1 in./hr. Will this pipe be 
able to handie the flow from а 2-in./hr rainfall without water 
backing up into the parking lot? Support your answer with 
appropriate calculations. 


Q- т AR, VS 

Let ( ), denote conditions when the pipe is half full and ( , when 
the pipe is full. 

Thus, Й, = E DŻ, Ry A/F =(% f D*)/(Z D) = D/4 

and A,e FP, Ry-4, /E- (0) /(т0) = DY 

Also, S, = S, "and n, =, 


Therefore, T 
Q XA fy М “Ta „ ART (£y 


р 
2 KARIT, А, виб (FOE 


ae = 
-2 


That is, Qa, =2Q. The full pipe can carry twice that of the 
half-full pipe. Tt can carry the Z in, /h rainfall. 
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(1) 


(2) 


10.50 А 10-ft-wide rectangular channel is built to bypass a 
dam so that fish can swim upstream during their migration. Dur- 
ing normal conditions when the water depth is 4 ft, the water 
velocity is 5 ft/s. Determine the velocity during a flood when 
the water depth is 8 ft. 


Let ( ), and ( } denote normal and flood conditions, respectively, 
Thus, 


у= x ide bid 


Reals 


h 1 


Je A, P » Sop 7 Sop and 
A, = lofl (efi) = oH? А, = уо (ett) = Goff” 
P, = tof « 204) = JP, Д = lott t 2000) 224] 


Thus, Ry = 4 = toT = 2.22 


nd 5 74 
ü 
_ 4 Goll? 
№, т = т £0 i. a 3,08 HH 
Mence, dw de Eq (a) by Eg ll) to obtain: 
% 2/, 

k by, 3.00 ү?З 
ГАШ (a)l к стз (222 iia 

SO that 


И =/241, =42#(5) = 6,22. 1i 
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*10.52 Water flows in the painted steel rectangular channel 
with rounded corners shown in Fig. P10.52.The bottom slope 
is 1 ft/200 ft. Plot a graph of flowrate as a function of water 
depth for 0 = y = 1 ft with corner radii of r = 0, 0.2, 0.4, 0.6, 


0.8, and 1.0 ft. 


FIGURE P10.52 : E 


Q= ХАР, SA, where K=1.49, from Table 10.1 n= О. 0/44, ل‎ n 


= ZA = 0.005 
(a) Assume y2r: 
Thus, A=2(y-r)+r(2-2r)+ġ mr? 
07 A=2y-(2-€)r? 
id P= 2(y-r)(2-2r9 rr 
or P=2y-(4-mr +2 
Hence, i Rf Хоз. (D, (2), and (3) give 


(3) 


4 
Q = 1% Lue A a (0. coss 


or 
2y-(2-Z)r* E 3 
@= 7.53 UN for у =1, where r^ fl, yeti ar (#) 


(b) Assume yer: 
Thus, A= A, +A, +Аз 


From Example 10.5, with D=2r 
А+, = (277 (0 – зіп) where 0~ rad and hs sd 


cos = Г-У. f 

M r 2 А Р +. 

Hence, А = -5- (8 -sin0) + (2-2r)y N} (в) 
Also, P= 2-2" +R +R , where Mo im 


from Example 10.5, D*&- Ge = РӨ 


Thus, P= 2-2r+re = 29-26 (6) 
By combing Eqs. (1, (5), and (6) we obtain: 
@= EEA A ds, (0. 005) 
or | 
8-sin6) *(2-2r) 
Q=Z75 a [EG snos] for r О&у=г, where re ft y^fl, (7) 
[2 +0- 2r] Q^ $, and 0 =2 а LY) rad 
Es КОСАЕВ 
[0-50 


The results, Q-Q(y), are ploffed below far r= 0, 0.6, and | А 


Q vs y 
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10.53* The cross section of a long tunnel саг- 
rying water through a mountain is as indicated in 
Fig. P10.53. Plot a graph of flowrate as a function 
of water depth, y, for 0 = y = 18 ft. The slope 
is 2 ft/mi and the surface of the tunnel is rough 
rock (equivalent to rubble masonry) At what 
depth is the flowrate maximum? Explain. 


FIGURE P10.53 


= К ch = _ 2F _ 
Q= + AR, 5, where A-2479, S= овон = 0.000379, 


4 


and from Table 105 р = 0,025 


(a) Assume ys f1: Thus, A= ш and Р=2у+32 


5 2 
so that В, = 8 = 2907 = 552 


Hence, 2, 
7 А 
Q= 22% 2.025 I y*é ] (0.000379) 


0-60 Gi . for у 12 where y~ fl, Q- # 


(b) Assume 12. у<18 fi: 


Thus, A= (24)? + £(68Y - A , r eX | 


where „from Example 10.5 


Д,= Blo - sino), with cos 8 = Ye 2н 
Hence, from £g. (3) LORA] 
A= 2olft'- вы” (0- 5170) 

T у-12 i 
A= 201 - 18(0 -sinO) ft, where O^'rad 6f 
Also, 


P= 3(2f) +( OEH) = 36 «éOr-0) fl 
Thus, wilh hz ж Eys. (0), С 9) and (5) give 
Q- 149 [201-18(6-si50)] 7 
А 0.025 |[зє+є(ї-ө)] ^ 
Q= 434 Сезсен " for I23ys[8fl, where O~rad, 
3 | ~if Y- 
9-8, and Ө =2с (LE) 
For 0 <у 18 calculate = 0) from either Eq. (апі Eq. (6), 
(con't) 


(0.000374) Е 


10-52. 


(1) 


(9 


(5) 


(6) 


__10-53* |(сот) 


depending on the valve of у. The results from this calculation are 
given below. The maximum flowrate, Quay = 583 Ё, occurs 

at у= 121%. For 121 € ys I8fl, an increase in depth adds 
only little to the flow area, A, but greally increases the welled 
perimeter, P. Thus, the retarding force js increased considerably. 


400 


Flow rate, О (cfs) 


-200 
о 5 40 15 го 
Water depth, y (ft) 
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10.54 


10.84 Тһе smooth concrete-lined channel shown in Fig. 


P10.54is built on a slope of 2 m/km. Determine the flowrate 1.0 m = 
if the depth is y = 1.5 m. 


y Сопсгёе 


FIGURE P10.5 " 


25 
Q= EAR, S^. where Х=1, S7 
л = 0.012. 


With y -45m, Az (Зт)(0.5т) + + (Зт+6т)(1.0т) = 6 т? 
and 


2. 
тю = = 0,002, and fram Table [0.1 <) 


P= Sm ii +0.5m+4 (/2+3°) m = 8.16 


Thus, = 4 = aM = 0.735 m, and Еф. 0) gives 


Q- cá (6)(0. 735) 243 (о, 002)% = = /g.2.m т” 


| 0-54 
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*10.55 Ata given location, under normal conditions a river flows 
with a Manning coefficient of 0.030 and a cross section as indicated 
in Fig. P10.55a. During flood conditions at this location, the river 
has a Manning coefficient of 0.040 (because of жееѕ and brush in 
the floodplain) and a cross section as shown in Fig. P10.55b. 
Determine the ratio of the flowrate during flood conditions to that 
during norma) conditions. 


(3) 


1000 ft 


ф) 
NE FIGURE P10.55 


2/3 


› = A Ry. [ES ahire А, = 12 (800) =9600 8^, P= 2 0121490 
à " = 824 fl, 
so that К, =A, /P, 


= 9400 I / (0254 H) = 11.65 ff 


Similarly, 
(2) Wp = x A, Ro s VS, , where A, = 2oft(£00fl) + #1000) = 24 000fl*. 
| В = 20011 +100011 * 2 (20ft) = /840t so tha} 
Rye Ay /R = 24000120190) = 13.0414 
Thos, = Eqs. (and 2) with Soq Sop , 


Ф. ts Pa fa EA Rr ys, па Дь e^ 


Mayo ^n 
[M Na KA, Rha Soa b A, Raa 


By vsing the given and calevleted dala, 


Q _ [0.093 24 00011? 13,04 f4 2/3 
Qa (с \( 4,600 fF ) A - 2.02 
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10.56 Repeat Problem 10.54 if the surfaces are smooth concrete т“ a 


as is indicated, except for the diagonal surface, which is gravelly ae 
with n = 0.025. 


FIGURE P10.54 


Н 0 


2 2 D 
@=@+% = ARS 5,5 + т А, В, Se 
n,=0.025,and irom Table 10,1 д, = 0.012. 


‚ where Kel, 5 = 0.002, 


А { 
Also, A, = £(10m3m)= 1.50m, B =(10*®+3.0®),$ = 3.16m 


A. 150m? 1, 
2 or hij, В GIF = 04757 
А, = (3) (1. 5т)= #Sm? , B =оѕт +3m + 1.5m = 5т 


= l2 „_#5т°_ 
or Ky = р = -im =0,90т 


Hence, from Eq. (N: 


24 А 2, 1 
Q = 15 (1-50) (0.475) (0.002) + irz (4.6) (090) (0.009 


ог > 
Q = 7.3 g 


tiras 


pi! 


Note: With all surfaces concrete 3 @= 18.2 m (see Problem 10.4), 


E 
M 


3 Concrete 


(1) 


Rubble 
masonry 


10.57* Water flows through the storm sewer 
shown in Fig. P10.57 The slope of the bottom is 
2 m/400 m. Plot a graph of the flowrate as a 
function of depth for 0 = y = 1.7 m. On the same © 
graph plot the flowrate expected if the entire sur- 
face were lined with material similar to that of a 
clay tile. 


FIGURE P10.57 


(a) For Osy =0.5т: The flow is the same as that in a circular pipe. 
Thus, from Example 10.5 with D=Im, K=}, and n=0.0/% (Table 10.1): 


ans D% (0- sing)? 2m и (1) 3 (ө- -sinoj 
о B(4y^? 9 o "490m. 8(4y^ w^ 


and @= cun 0.5-у) 


(b) For Y20.5m:! 
@= @, + Qa , where 


-X Ach Jb n 
"m Ay, So, with л, = 0.014, 


A, 2 2 (0.5m) =0393»°, Р = т(0.5) = 1,57 50 that 
R, = = 0, 0.30935? =0,250 m 


h P Lsm 
Thus, 
3 
@= zl; (0.302)(0250) 5 (zZ; Ý = 0.787 Æ 
Also, 
2 
Q,7 7 А, hee with д, = 0.025 (see Table 10.1) (2) 


А, = (2.5 т)(у- aes 2.5у-125 and RB = 2(y-os)* 2(2)-2y +0.5 


ae with В, = 5. Eg ч becomes } 
5/3 
2 з El (y -0.5) 
0, = = (2.5у б uc 05% (aes a aM 13,0 (aya 
Therefore, , 
Q= 0,787 +13.0 W705 т? fyr ys osm (3) 


(2y +0.5)*°З S 
Plot Q- Q(y) for уси using Eqs. (!) and (3). 


| (con't ) 
[0-57 


10.57% | (con't) | 
If the entire surface were lined with material with n,» na» 0.0/4, 
Ean. С) would remain valid. The coefficient "13.0" in Eq (3) would 


0,025 : 
become 13,0(2-025) = 23.2, For this case, 
5/3 


-0287 +23.2 55) ^ ш 
959787 (zys0.5) 3. S 


This result is also plotted (ie. Q from Eq, ( fon 0sy 0,5, and 
Q from Ee (9) for 05 <у 217m), 


With n » 0.025 for part of 


- 


for y20.5m 


the channel 


У, 


ооооооооо 


очо лек CO PO IS OO 


.0 
.1 
.2 
.3 
. يا‎ 
E 
‚6 
.7 
.8 


m 


ہہ CO‏ کر یں ی ہہ o кҥҥ о‏ 


МЮ p کم‎ - 0! 0) HP со У 


Q, m3/s 


.552E-11 
.293E-02 
.381E-01 
.089E-01 
.315E-01 
.870E-01 
.837E-01 
.367Е+00 
-853E+00 


-014 for 


О. m3/s 


.552Е-11 
.293Е-02 
.381E-01 
.089E-01 
.315E-01 
.870E-01 
.138Е+00 
.822Е+00 
.689E*00 


PRPRPBPBRRPO 
ч су ص‎ £0 NP OO: 


M зз су сл (л Co CO C2 


.407E+00 
.010Е+00 
-649E+00 


.315Е+00 


.003Е+00 
.708Е+00 
.426Е+00 
.157Е+00 
.897Е+00 ` 


the entire channel 


|DHPpmHPpPHBPDHPpPO 
-9 0 ол с о N P O O 


eee хо соз сл соо 


.678Е+00 
.75&E*00 
.894E+00 
-083E+00 
.310Е+00 
.568Е+00 
.085Е+01 
.215Е+01 
.348Е+01 


үс 
— 
` 
Li 
C2 


Panne 


10.59 | 


Ман 
С) 
ГУ 
@ iq А i (3) 
10.58 Determine the flowrate for the symmetrical channel shown - 5# t 3 Су 
in Fig. P10.80 if the bottom is smooth concrete and the sides аге = УТ нач 4 


weedy. The bottom slope is Sy = 0.001. 


2 ы. 
@ = Q,*Q, *Q, =G,+20,, where Q; = 1: A; б 5,* with WeLuf 


Also, А, = (GHY*f0- I2 H°, А, = d ONIA) -6f P=4H and 95H, 


so that f, = Ё. = BRE =3 tt and Бр = 4 = ЄЙ = 1.241 
1 


Hence, with п, = 0.012 and „= 0.020 (see Table 10.1) we obtain: 


2A | 2 D 3 
@= 259. (12)(3) (0002-75. (6)(1.2) (0.001) = па Ж 


10.59 | 


10.59 (See Fluids in the News article titled “Done without a GPS 
or lasers," Section 10.4.3.) Determine the number of gallons of wa- 
ter delivered per day by a rubble masonary, 1.2-m-wide aqueduct 


laid on an average slope of 14.6 m per 50 km if the water depth is 
1.8 m. 


EIR s. 

a A = 1.2m (/. êm) = 2.4 m* and 
P =12т+2(1,@) = т so that 
ad = (2.16m?) /(#@т) = 0, 5 om 


Thus, Mi 4h K= 


1 
29ү 146m Ve 
Q = "Aui ———~ (2. же (=) = 0,857 m/s 
» 
2 m /3600S\/ 24hr i fi* quia loa 
фео ( Thr | losses) T aig ) 
= [9,8 x 10° gal /day 
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10.60 Water flows in a rectangular, finished concrete channel at 
a rate of 2 m?/s. The bottom slope is 0.001. Determine the channel 
width if the water depth is to be equal to its width. 


2/ 
() Q- FAR, "ls, , where S, 20.001 and @=2 
Also, Х=1 and from Table 10.1, Л =0.012 
For the square channel 
hea? and Ref =. 
Thus, from Ea. (1) 


[0-61 


10.61 An old, rough-surfaced, 2-m-diameter concrete pipe 
with a Manning coefficient of 0.025 carries water at a rate of 
5.0 m/s when it is half full. It is to be replaced by a new pipe 
with a Manning coefficient of 0.012 that is also to flow half full 
at the same flowrate. Determine the diameter of the new pipe. 


Qoa = T Лы Rss E old 


em 
where = "Qu ind ES 


Ореш 


Thus, by equating Eqs. (1) and (2) 


a 4 
Pus Rb oid 2 Anew Rn new 


Pog New 


But for a half full pipe, А = 22“ and p,-4 
Thus, 


x 2/ 
AR,” = Z(E)” so that Eq (3) becomes 


2/ 
FD, (zx) z B Dew ( EL Du ( Dew)” 


or гу/3 9/3 
Dig =. Dew 


Fold UT 


Th YS, n 3% 
new 0.012- = 
Drew (z = ee | Di, = = (20% аа) (2m лт 


Noid 0,02.5 
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10.62 Four sewer pipes of 0.5-m diameter join to form one pipe 
of diameter D. If the Manning coefficient, n, and the slope are 


the same for all of the pipes, and if each pipe flows half-full, 
determine D. 


@= 40, where @, = 5 A, уќ 5% and Yo = % A, Rae с with 


E E 2 ; _ А Zp? 
т=п», So, = Soo , A, = 8D ) М" “ур E 


А,= F005)", and Ry, = = 95 
Thus, from Ёд (1) 
AR, = А,В", 


Fo ($) = 4 Elos P(E 


or 


8% 
= 4(4) 2 or D- 0.841 m 


]0-63 


10.63 The flowrate in the clay-lined channel (л = 0.025) 
shown in Fig. P10.63 is to be 300 ft/s. To prevent erosion of 
the sides, the velocity must not exceed 5 ft/s. For this maximum 
velocity, determine the width: of the bottom, b, and the slope, So. 


FIGURE P10.63 


у= $, where А=21+0ь+,+.)]у with 2 = 20. = 2.46 fl 


fan 30° 
ad fp=-—2 eon 


3 $ 
ft = _3005______ Ь= 27.3 ft 
au 2[Ь +(b+.3.46ft +2929) Д 


Also, V = -K Ras, where X=!.49 and from Table 10.1, n= 0.025 


From Eq. (n, A =f [2(223 fi) +3.46 f+ 24] (211) -600ff? 
) a 
Aso, P=b +0 +0, =273 + 2 + 28 < зж р 


| sin90" ^ sin*5? 
Thus, Bp = A = E0 =/76 ft so that Eq.(2) becomes 


129 25 - 4 _ 
9725025 (1.76) °5,? or $= 0.00331 


J 
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(1) 


(2) 
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10.64% Overnight a thin layer of ice forms on the surface of a 
40-ft-wide river that is essentially of rectangular cross-sectional 
shape. Under these conditions the flow depth is 3 ft. During the 
following day the sun melts the ice cover. Determine the new 
depth if the flowrate remains the same and the surface roughness 


of the ice is essentially the same as that for the bottom and sides 
of the river, 


Q- X AR, VS 
Let ( } denote conditions with the ice cover and ( } with no ice cover, 
Thus, 

A. =(40H)(3 Н) = 120 ff? Р = 2 (201) +2(3 Ft) = 84 f 

and Ra; = A, ГЕ = 12007 796 Н = 1,375 Р 
Also, 

Д, = 40y R = #0 *2y and Kb, =A, /R = oy K¥or2y) 

Hence since Q: = Qn it follows that 

K Zir _ K 2/ 
5; A В Vor = т, a В, VS 


^ 


so that with n; =I, and S; = Son this becomes 


or 


/ 
3.75 = (20) j 


А standard root- finding computer program gives the solvtion to £g. (N as 
у= 2.31 fl 


(1) 
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10.65 А rectangular unfinished concrete 
channel of 28-ft-width is laid on a slope of 8 
ft/mi. Determine the flow depth and Froude 
number of the flow if the flowrate is 400 ft?/s. 


e 2811 —d 


y 


Š KENE 8 ft 
Q = ЖАВ, 5, $ where K= 149, 5,7 E2808 = 0.00/515, and 


from Table 10.1 n= 0.0/4 
Also, A= 28у and P= 2y*28 so that В, = 4 Ley. 


Thus, #4 ү 28y v5 А т 
400-354 (zyi2g) (28у)(0.001515)% 
or 
уб 
0.594 = ل‎ 
| ` (Y H1472 
ence 


Jj 


0.458(y*19) =y” =0 


The solution to Eg. 0) is y = 2.23 HH 
Thos, 


„= @ so = 6. z 
V= я = EH) 238) Ws 
so that 

6.41 f 


cul i uox eee SO ORE 
Fr Үзу [02.2 ££)(2.236)* 
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10.66 An engineer is to design a channel lined with planed 
wood to carry water at a flowrate of 2 m?/s on a slope of 10 
m/800 m. The channel cross section can be either a 90? triangle 
or a rectangle with a cross section twice as wide as its depth. 
Which would require less wood and by what percent? 


-X АВ, 5% 7 
Let ( ), denote the triangular cross-section and ( ), denote the 
rectangular: cross-section وس‎ | 
Thus, Q,-Q7 245 , $, = Se = $ Nae / 
and П. = h, So that Eg (I) gives V d Es 
Ar М = A; n 3 where Rp = P (2) 
Hence, 

Az 2y* ‚іт Wr 50 that R= ae ву. — zy 
Also, 


A, = £(240% =, R = 202), so that Ry” ze 

Thus, from £g. (2): 

2y^ (Ey = Y sgg YD, or y= олот у, 

The amount of wood is proportional to the wetted perimeter, P. 


Since 


the triangle requires the same amount of wood as the rectangle 
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10.67 A circular finished concrete culvert is 
to carry a discharge of 50 ft*/s on a slope of 0.0016. 
It is to flow not more than half-full. The culvert 
pipes are available from the manufacture with 
diameters that are multiples of 1 ft. Determine 
the smallest suitable culvert diameter. 


24 Lk 
Q- a AR, 7 Oe where X- 172, 5, 0.00], and (from Table 10.1) 
П =0.012 
For a circular pipe half full A= FD”, P= £ D so that В=2 = 2 
2/5 
Thus, ор = 155 (B0*)(B)* (0.000% , or D= 5.128 
To make sure it is not more than half fll use the 6 ft diameler pipe. 
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10.88 At what depth will 5@ ft/s of water flow in a 6-ft- 
wide rectangular channel lined with rubble masonry set on a 
slope of 1 ftin 580 ft? Is a hydraulic jump possible under pier 
conditions? Explain. 


"PES AR" VS, where 


- pat: 
ndr UE = ERE 


n-0.025 (see Table 10.1) 
This, 


So = L42 1,9] (0. 092)" 


0.025 
which becomes 


y^ = (246) (0.948) 


By use of a root-finding computer program, the solvtion js 
y= 2.531 


. 0€ _ sols _ 
Thus, V= Я = тезу o НИ 
so that 


=. NT 
Voy Mc 2. fi/s*) (2. 5з3{1)]# ~ 0,365 


Since Fr <l i is not possible to have a hydraulic sump. 
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10,698 The rectangular canal shown in Fig. P10.69 changes 
to a round pipe of diameter D as it passes through a tunnel in 
a mountain. Determine D if the surface material and slope re- 
тааїп the same and the round pipe is to fiow completely full. 


W FIGURE P10.69 


Q- x A REVS, Let ( ), denote the rectangular channel 
and ( Ja denote the circular pipe 


Thus, since Qr =Qe , ne? Ney Kp =X, Sop = Soe if follows from 
Ед.) that 


Ap Py = Й. Rie where „= P» and R= b+2(2)=2b 


so that В), = 2 =b 
а 


апа 
A.=ZD and P.= m D 


so-that Ry = E = Ф 
Thos, | 
(2) ($F = (ZNL or D = = 0.844b 


[0-70 


10:70 


10.70 Т flowrate through the trapezoidal canal shown in 
Fig. P10.70 is О. If it is desired to double the flowrate to 20 
without changing the depth, determine the additional width, L, 
needed. The bottom slope, surface material, and the slope of the 
walls are to remain the same. 


Ш FIGURE P10.70 


Initially: Q= LAR, VS, 
where A; =(Зт)(8т) + 2[2(smGm) = 33 m” 
and В = 8m *2]Vz (3m)] = 16.49m 


А; зз т? 
Thos, №, = “Bo = телот = 2:007 
50 that 
4 A 
q, = XI«(s3)(209 = 52,4 X о 


Ы Qe = x Ay Rae Ts, (%,n, 5 are constant ) 
where А, =(3т)(8+1)т + 2]2(3т)(3т)]) = 33+3L т, where L~m 
and R=fP+tlL=/6.49+L m 


Thus, Ra = Ар. „зз ek 
Ж. 


16.49 +1 
so that | М 
= КЎЗ, 33 +2 үз 
Q = Ann (585% ) 2) 


But 0; 22.0; , so that from Eqs. (1) апа): 
2 
(33431 X XGHI 3 -2(52,4)-/048 
A standard computer root -finding program gives the solvtian 
to this equation as 


L=8.77m 
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10.71 When the channel of triangular cross section shown in Fig. 
P10.71 was new, a flowrate of О caused the water to reach L = 2m 
up the side as indicated. After considerable use, the walls of the 
channel became rougher and the Manning coefficient, n, doubled. 
Determine the new value of L if the flowrate stayed the same. 


BFIGURE Р10.7; 


2/ 
Q =# AR, VS 
Let ( ), and ( } represent the old and new conditions. 
Thus, N,=2Nn, , А, 22 (2 т)? =2 т? Р = fm, so that 
By a/R (2m*) /(#m) = 4 т 
Als, А = $L, Р =21 so Mal Rp, =A, /B -(27)/G1)2L /4 
Therefore, using Eq.0) wrth @,= Qn gives 
/ х 2/; 
X А, i o pr» An Ran. Son 
or since Sg, = So, 
> M. /3 
2 f hy, i =, An ^, 
By using the above dala this becomes 
| tf 2, 
хл, E09 (6) = (2n (Em) or La В (26 
or 
L=2,59m 
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10.72 А smooth steel water slide at an amusement park is 
of semicircular cross section with a diameter of 2.5 ft. The slide 
descends a vertical distance of 35 ft in its420 ft length. If pumps EE X EET 
supply water to the slide at a rate of 6 cfs, determine the depth t 


of flow. Neglect the effects of the curves and bends of the slide. ES 
| | eut y 
f. us F 
Q= КИВ, 5,4, where X«L99, $7 узун = 0.0833, Q- 6.0 $ 
and from Table 10.) n= 0.012 : 
Also (see Example /0.5), А = D lo- sine) and 
9 -.5/70 E 
R,- 20-50) Р where D 2.5 fl 
Thus 9 S/, 
"кың _ D^ T (0 -sino)” 
Q= S gul pa” | , where 077a, 
or 8/3 
NI, ц (2.5) "T (6-sipe) * 
6,0 SO (0.0833) aw | pe ] 
Hence, А | " T r 
0.29303 = (0-sin0)? 00252 0 -(0-sin0) =0 | (1) 
Using a slandard roc] - finding lechnisye gives the solution to £g. (/) as 
Ө = 1.574 rad. 
180 = 
Thus, 0-1576 ra 1804) = voa ° 
or since 
y* 2(1-cos(2)) it follows that KD 
е 7- 
4 2. 
у =(22H) (17 со5(®%®)) = 0.368 ft y 
y +2 cos z P 
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10.723 Two canals join to form a larger canal as shown 
in Video V10.6 and Fig. Р10.73, Each of the three rectan- 
gular canals is lined with the same material and has the same 
bottom slope. The water depth in each is to be 2 m. Deter- 
mine the width of the merged canal, b. Explain physically 
(i.e., without using any equations) why it is expected that 
the width of the merged canal is less than the combined 
widths of the two original canals (i.e, b < 4m + 8m = 
12m). 


AH FIGURE РТО, 7з 


Thus 
П: А, Ry, LES =n, Ae К Ж + x A, hs ls, (1) 
Bul N,=N2=h3 and So, = Son Soa So that Eq. tI) becomes 
A; he = = Д, B +A, Rp” (2) 
where E 
A, = 2m(4m)= 8m? Р =(2+2+#)<8m so that Rp, = B = iz. = [т 
А, = ЛА В. =(2+2+8)=12т so that Rp, T а= = /,233т 
апд ү 2 
д, = 2} m E z(2121b) -(b49)m so that Rng = A - (534) 
Thos, Eg. (2) ш: 
2b 1% 25 
(abet = /6 (I. 333) *Q(I)" = 224% 
or 
27, 
bX? = 9.63 lbie) | (3) 
nae a standard root-finding technique gives the solvtion to £413: 
0,4 


Tf the m" ог iginal canals merged lo form а /2m wide canal, the 
water depth wovld be less than 2m becavse without the two walk there 
would be less friction force hold the water back. Thus, to maintain 
the 2m depth we must have b<i2m. 

[7] + Са] + 


- 4m bee IÉK— 8m اھ‎ L— pee 
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10.74 Water flows uniformly at a depth of 1 m in a channel that is 
5 m wide as shown in Fig. P10.74. Further downstream the channel 
cross section changes to that of a square of width and height b. 
Determine the value of b if the two portions of this channel are made Wieth = 5 т 

of the same material and are constructed with the same bottom slope. gw FIGURE P10.74 


Q = Qy , where ( ) and ( J, denote upstream and downstream conditions. 
Thus, since Q« Й ROVS, it follows that 
A Pu Ray Ты Zip Ao Rog Tn 
Ajso, 5у = So, and Ny = Mp 
Hence 
(I) A, Ry = А, Ro where A, = (Im)(Sm) 25m", Ё=2(1т) +5 = 7m, 
so thal Rp, = A, /Р,= 5m^/ 7m = 0.7/7 m. 


Also A,=b В=3Ь so that Rap =A, /R = 6/30) =1 
Thus, fram Eq. í): 


(&m*) (02H Y = B (ФЬ) 
of 


b= 2.21т 
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TR Е Concrete 
10.75 Determine the flow depth for the channel shown in Fig. 1.0m 
P10.54 if the flowrate is 15 m/s. 


WFIG URE P10.54 


X nil 
= АВ,” 5,4, where K=1, S,= 3355; = 0.003, and from Table 10.1 0=0.012 


Also, A =3y+ 4 [з(у-0.5)](у-о.5)= Zzy^iy +2 F-3(y -0.5)4 
and с £ | 
P= y+3+os +[0у-2) 4(y - Ly ]* 

= у+з.5 (YI (y-0.5) = 4/6 y +1.92 
Hence, with R; -A and Q=15® we obtain 


15 == (,5у®н.ву t0325) AS (0.003) _. 
0.012. ' (74у +192)5 ^" e 


or 0,4 
2.0% (416 у 442) - 15у -/.5y -0.375 =0 (1) 
Using a standard rool- finding technique, the solution to Е. (1) ic found te be 
y=/.22m 


Mole: Since y <1.5т the water 
does not contact the left 
vertical wall. 
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10.76 Rainwater runoff from a 200-ft by 500-ft parking lot is 
to drain through a circular concrete pipe that is laid on a slope 
of 3 ft/mi. Determine the pipe diameter if it is to be full with 
a steady rainfall of 1.5 in./hr. 


Q = KARA & where K=149 б = y = 0.000568, с) 
= тр she ED _D 
A= 20 and 8 ED = Р 


From Table 10.1, п 70.012 


Also, @= Ais Г, where r = rainfall rate = 1.5 iM- 


hr 
Thus, | 
Q = (200H)(Sooft) (1.5 ^) M) 0) =з IE 


Hence , from £g. (1): 


347= уе (3»^)( 2)“ (0.000569 


or 
D= L64fl 
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10.77 (See Fluids in the News article titled “Plusnbing the Ever- 
glades; Section 10.4.1.) The canal shown in Fig. P10.77 is to be 
widened so that it can carry twice the amount of water. Determine the 
additional width, L, required if all other parameters (і.е., flow depth, 
bottom slope, surface material, side slope) are to remain the same. 
BFIGURE P10.77 


Let ( ), denote the original canal and ( ), the widened canal 
Thus, 


2/3 
0 = A AR, VS and 
/ 
ЖОЛ ШҮ and 5,25, 
Hence, from Eqs. (D апа (2) 


9 _ А CU V ow = Ay fe^ where Q =20) 
Q, 3 A, Ry Tr, Ay \ Ryo? > w 0 


г—2.5{{—=| 
Also, A, (stitlof(2H)7 15 н? 2f 


#7 
P= &}+2(3.20{4)= 11410. so that 


2 2 % 
Ry, <A, / Be 15 H7 4 fe 1.314! 4-[25*:2*] fte2.20ff 
and сы | 


As +L) «(1084 ође?) = (15 +22) ff? 
R, = SHH +2 (3.200) 11,4 +2) 44 so that 
Rhy” Aw /® = (15 +21) CA) 

Hence, from Ед (3) with 9w =2, 


2/3 
_ 5 +21 15+21 , 
Ze ет | E n 7. uu] , where L~ ft 


By vsing a standard root-tinding program, the solution to Eg. (4) is 
determined tobe L= 5.94 fl 
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10.78 Water flows 1 m deep in a 2-m-wide finished concrete 
channel. Determine the slope if the flowrate is 3 m^/s. Іт 


—2т — 


Q=% A ү, where K*!, and trom Table 10,1, N= О.02- 


Also 
А = (mtm) = zm 
"mE a 
(2mtIm thm) 
Hence, with Q@=3% fg (l) becomes 


2 | 24 
З «zo (2? (06т) 7 Ts, 


= OSM 


07 
S, = 0.000816 
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10.79 Water flows in the channel shown in Fig. P10.79 at a rate 
of 90 ft/s. Determine the minimum slope that this channel can 


have so that the water does not overflow the sides. The Manning 
coefficient for this channel is n = 0.014. 


RT 
.BMFIGURE P10.79 
K 2/3 _ _ Е ti? 
О= AR, VS, where K=149, ]=0,0/#, and Q* 705- 
Also 
s (250069) 30 (18) 122 H> 
an 


-A LIS" _ 
Rh <p = отон) 1.389 


Thus, from £q.(1) P 
3 2, 
фо = LEE (кле 2)(.3##) Js, 


or 
Se = 0,00226 
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10.80 To prevent weeds from growing in a clean earthen- 
lined canal, it is recommended that the velocity be no less than 
2.5 ft/s. For the symmetrical canal shown in Fig. P10.80, de- 
termine the minimum slope needed. 


FIGURE P10.80 


= Ву SŽ, where K-L9? and № = 4 co 


3 


A= (26 +2н)(3Н) = 241l^ and P= #9 42058) = 14ft 


Thus, рь AP. урен 
From Table 10.1, n = 0.022 so that £g gives (with V= 2.5 9) 


ХА ае : 
2.5 = LEE (1,714) or S = 0.000664 


10.81 The smooth, concrete-lined, symmetrical Channel shown in ie 
Video V10.7 and Fig. P10.80 carties water from the silt-laden 
Colorado River. If the velocity must be 4.0 ft/s to prevent the silt 
from settling out (andeventually clogging the channel), determine the 
minimum slope needed. 


i ea 
FIGURE P10.80 


y= X RS о, where Х =/.49 and Rp = Ё | a 
FA 


A= Z(4fi +1281) (34) = 24 f^ and P =4#ft +2059) = IT 


Thus, Вр = 24 ft = 1744 


From Table 10.1, n= 0.012 so that Eg.) gives (with М= +) 


4 
4.0 = ا‎ (1. my 54 S, or 5,= 0.000505 
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10.82 The symmetrical channel shown in Fig. EON SES ыз 12 ft SD 
Р10.8015 dug in sandy loam soil with n = 0.020. = Y —À 

For such surface material it is recommended that 
to prevent scouring of the surface the average x Ld om 
velocity be no more than 1.75 ft/s. Determine the vw 
maximum slope allowed. = ft ER 


FIGURE P10.80 


2 1 
V= K рс, where K*47? and Ra =- а) 
= (4H «IzH)G31) = 24H? and P= 4H +20500) = 148 
The ; _ РЕН _ 
With п = 0.020 and Vz 1.75% Ес. 0) gives 


2, 
175 = Lit (1.7497 $,* or S,= 0.000269 
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10.83 The depth downstream of a sluice gate 
in a rectangular wooden channel of width 5 m is 
0.60 m. If the flowrate is 18 m?/s, determine the = 


channel slope needed to maintain this depth. will | 

a рта слата m же 
@= KARA 54 , where K=) and from Table 10.1, n= 0.012. a) 
Also A=(m)(0.6m) = 3m , P = Sm *2(0.6т) = 6.2 mm 
so that Ry $ = zia >= 0.484 m 


Hence, from £q. (N: 
24.4 
/8= = (3) (0.484) 5 or 5, = 0.0136 


With S,= 0.02 >0.0136 the velocity will increase and the water 
will become less than 0.6 т deep. 


Wilh 5,7 0.0/«0,0/34 the velocily will decrease and the water 
will become greater than 0.6m deep. 
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10.8% Water in a rectangular painted steel 
channel of width b = 1 ft and depth y is to flow 
at critical conditions, Fr = 1. Plot a graph of the 


critical slope, So., as.a function of y for 0.05 ft « ` y 

y = 5 ft. What is the maximum slope allowed if 

critical flow is not to occur regardless of the к HE لجس‎ 
depth? 


y= AR, Oh where К= 1.49 and from Table 10.1 n= 0.014 


2 


Also, Ry, = uL and with Fr = "uw V= Voy 


ie 
| m و‎ 2y:0* 13 
Ysz2y = m za) oe ds 9, = 0.00284 | ] T 
Equalion (1) is plotted below. To determine the minimum critical slope 


sel “е eo. That is: 


ү 
e =(5)(0. pur уш] "peers ret). 0 
Thus у= û зо that from Ё. q. (1) 
2 
9 н е Кола l = 0.00757 


Oc min 


If 5, «0.00757 critical flow cannot occur al any depth. 
The following valves are obtained fram Ee). Note that 


4 
lim 5, = 0.00284 Jim [ej] = =o and lim S, =°% 
yo °c yee © 


See next page for graphs. 


_| (сол?) 
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Soc VS У 


0.045 4— 
0.040 1—— 


i 


Soe VS y (expanded scale) 
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10.85 A 50-ft-long aluminum gutter (Manning coefficient 
n — 0.011)ona section ofa roofis to handle a flowrate of 0.15 ft?/s 
during a heavy rain storm. 'The cross section of the gutter is shown 
in Fig. P10.85. Determine the vertical distance that this gutter must 
be pitched (i.e. the difference in elevation between the two ends 
of the gutter) so that the water does not overflow the gutter. Assume 
uniform depth channel flow. 


(1) 


i: 


B uer | m 


dE d Od. R.E. P10.85 


2, 
Q = X AR, “VS, , where K=19 N =0,0H and 
Ln 


A = (5 т.)(3 in) + z (ip) (Sin. Jan39") = 22. 2. (zzz E 0.157 [^ 
Also, 
R, = в, where P = (Sin) lain (E eap) = 13.77in. (HE) = eft 
Hence 

ONE _ 
hy т ONE п 
Thus, from Eq.) 


0.15 £ = 2" (ose) (o 1t) Aff LO 


so Фа 

S,= 754*10 LEE. Q 
Bul ОЕ 
S, = od 

so that 


р =(S0tt) s 2(Sott)(7.5#xI0*) 20,0377H = o 52m. 
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10.87 Water flows upsweam of a hydraulic jump with a depth of 


0.5 m and a velocity of 6 m/s. Determine the depth of the water y, 
downstream of the jump. К у ык 


a 


—% V, | 
P: 24-1 5 l+efr, |, where 


V : ó m/s 
Fn- M a bms _ 
ДЕ: VZ.81m/s*?Xo, 5 m) 200 
Thus 
Ye | воа") =3.36 
1 
so that 


y, =3.36(0.Sm)= 1,58 m 


10-87 


10.88 A 2.0-ft standing wave is produced at the bottom of the 
rectangular channel in an amusement park water ride. If the water 
depth upstream of the wave is estimated to be 1.5 ft, determine 
how fast the boat is waveling when it passes through this standing 
wave (hydraulic jump) for its final “splash.” 


$ = 21-1] i807 J LM 
m 20H Si jie 4|- TESTI | 


Thus, Fr, = 1.97, or since Fr, 


V = Fr, уйу = 1.97 [2.2 £)(.5 


и 


10.84 The water depths upstream and down- 
stream of a hydraulic jump are 0.3 and 1.2 m, 
respectively. Determine the upstream velocity and 
the power dissipated if the channel is 50 m wide. 


Ye _ 12m / 
$^ 122 «zs or Ёр, = 3./6 Thos, since № = o 


it follows that V,= (3. e). 81 )(0. 3m)] ^ = Б, 5.92 2 
The power dissipated is given by 


7-9h,. where га (1-(4 


41 
or 
р, = (0.3m 1- 229.4 = вә =o inrcr е = 0.50#m 


Also, Q- 4M = M = (озт) (ѕот) (5.9222) = 81.3 Z 
Thus, 


P=(48 Ё 


gn 


5) (913207) (0.50%m)= 401 КЕТ = Yor kW 
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|10.40 Under арр conditions, water flowing from a 


from the center of the plate with depths upstream and down- 
stream of the jump of 0.05. in. and 0.20 in., respectively. De- 
termine the flowrate from the faucet. 


For а Aydravlic jump: 


Az = iiair] or 


0.20 iN. 
О, 05 in- 


This, 


V = 3,/6 | 322 (0.05712) 


and 


10- 


- Beers fries] so that у= 3/ё = 


ص 
= 


Q- AV, -27RJ4 И = 275 AFH (LE) = 0.00759 7 


0.05 in. 


0.20 in. 


Ш FIGURE P10.q0 


ү 
[71 


414 Ё 


3 
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10.31 Show shat the Froude number down- 
stream of a hydraulic jump in a rectangular chan- 
nel is (у,/у,)?? times the Froude number up- 
stream of the jump, where (1) and (2) denote the 
upstream and downstream conditions, respec- 
tively. 


x where VA, =K Az, or K= 


= у ўй PT Hence, Fs -(*)^ в, 


(ду,)5 
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10.92 Water flows in a 2-ft-wide rectangular 

channel at a rate of 10 ft?/s. If the water depth mE CM ZEN PUN 
downstream of a hydraulic jump is 2.5 ft, deter- ү — у fer Got 
mine (a) the water depth upstream of the jump, А № 
(b) the upstream and downstream Froude num- £g . 

bers, and (c) the head loss across the jump. 4= 10% jD* width= 2 ft 


4) Use A sid erm] p y,"2.5fl so that 
5 +у, Е mu Now, with Fr? = 7, - Cow » (oria) 


or Ff = E ., we obtain 


Sty = у, | +8 E 0.776 y Dy sqvaring both sides and simplifying we 
obtain у? +2.Sy, - Lone =0 which gives у 70228 fl. 


(b) From ji ae resul}s 


Fr = rs "EE or Fr, = 8,04 
Also, : 
Q | wf | 28 
(= 4 (2.59) 2/1) BEP Ё so that ъ= G n a = " [62:28)6-58]^ 
"Fr = 0.223 | 
(с) Also, ee 
| 25 8.10)", 
ncs yl-3 ӯ + + Ер 2 (] -(3 f |= o228tl]I- 0.228 + (IH (222ey )] 
or | 
к 
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10.43 A hydraulic jump at the base of a spillway of a dam 

is such that the depths upstream and downstream of the jump a oe UR ay. 
are 0.90 and 3.6 m, respectively (see Video V10.1I). If the spill- " La 
way is 10 m wide, what is the flowrate over the spillway? V >Y, 509m Yo=3.6m 


b= 100m 


ЫНЫР], ог 22 = kEr [nos] 


Heme, Fp = 3.16 , but Б == (2 WE so that 
V = 3.16 — CIE 


Thos, А 
Q = AV = by И=(10.0т09) 9.392) = 845 2- 


10.94 Determine the head loss and power dissipated by the 
hydraulic jump of Problem 10,93. 


h=yli-# «A u-( y) ‚ where from 2 = 2 2 s4 -tirer | 
Hence, Fr, = 3.16 so that 


h, =(0. 0m I~ shar «ET (Sem) T= rst л) 


Also, P= Qh, , where V, =(gy, X Б, =[(9.81%)(04m)] *(3.16)= 9.392 
Hence, 
P= (980 (o. ?mX100m)(4. зат) | is tm)= 12, So0KN:m = 12,500kW 


10-42. 


10.95 Ahydraulic jump occurs in a 4-m-wide rectangular channel 
at a point where the slope changes from 3 m per 100 m upstream 
of the jump to В m per 100 m downstream of the jump. The depth 
and velocity of the uniform flow upstream of the jump are 0.5 m 
and 8 m/s, respectively. Determine the value of h if the flow 
downstream of the jump is to be uniform flow. 


ix ond A the jump 


V, Ry AS YS, , where S7 enr 7224, = 0,03 


|. Ctm )(0.5 
and hi, = A = то н), REA 


Thus (4m +0.5mt0.5™) = 0, fm 


Х 2. 
Q, = AV, = (4m J(0-5m) (от) 9.03 


A хт 


н 
sf 


Aah (IRD e Fr = 7 > am ш3{/ 


gy, 08.819. )(0.5т) 
a us, 


A = i-a uÝ +] =443 
[ 

so that 

LES 4,63, = 4,43(0.5m) 22.31т 
There fore, 

А,.=(#т) (2,31m) = 9, 24M. and Kis P 
so that 


, 5% 
0, = #4, Ry. VS. inten ss 


or 

0,2 92477 E 

But, Qj 7Q,, so that from Eqs. (1) and (2) 
0,199 # =9.67 15, 

or 1 

So, = 0000378 = mom Hence j 209.0378 m 


fe 224m- 


= 07m 
limt 2.31 42.3Im) 


100m 
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10.96 Ata given location in a 12-ft-wide rec- 
tangular channel the flowrate is 900 ft?/s and the 
depth is 4 ft. Is this location upstream or down- 
stream of the hydraulic jump that occurs in this 
channel? Explain. 


KT Boh _ 
d бару = 19-75 2 so that Fr = “Gye “arhan “^5 
Since Fr>l, the location is upstream of the jump. 


| 0-94 
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*10.97  Arectangular channel of width b is to 
: carry water at flowrates from 30 = Q = 600 cfs. 
The water depth upstream of the hydraulic jump - 


; that occurs (if one does occur) is to remain 1.5 = y=15 ft ү V 
` ft for all cases. Plot the power dissipated in the 
. jump as a function of flowrate for channels of 

width b = 10, 20, 30, and 40 ft. 


0= 19, , where h-»i-( (5*2 m I-(% ap) 


and 
% = [1++өкї | Р provided Fr, 20 


Fr, = G5 


А Ga) _ 
Fr = Гает] ^ 0.0459 g Hence, from Eq.) 


h, = (.5)]!- (32) (o. ooo 2) (= (4: Ey] fl, where b-t g~ 
n from Ед. (2) 
EP: 41+ (1+0.02(8)) ] 


For the given valves of plot 7? from 


, where \|= £- D so that 


=62.4Qh, fib for 30«Q «600 #4 


Note : If Fr, <I there is no jump and P=0. From above, Fh=1 
when Q7 == = 10,4 
Let Q, = flowrate when Fr,=/, From Eq.&) we obtain 
a, = 


With b = 1%, 20,30, or 40 calcolate and plot P from: 
a) P=0 if Q<Q, 
b) P=6240h, "b where obtain h, trom Eq. (3) with 
№ from Eq. (0) if Q<Q<€ 600 É 


‚ (con't) 
10-95 


10.42* | (con't) 


The results of the above calculations are plotled below. 


P, ftlb/s 


1.E*05 


1.E*04 


1.E*03 -.-— 


1 
i 
i 
T 
i 
i 
I 
K 


в 
т TU CE 


P 


100 


150 200 


250 300 350 
а, cfs 


400 450 


500 550 600 
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10.98 Water flows in a rectangular channel at 
a depth of y — 1 ft and a velocity of V — 20 
ft/s. When a gate is suddenly placed across the 
end of the channel, a wave (a moving hydraulic 
jump) travels upstream with velocity V,, as is in- 
dicated in Fig. P10.?&. Determine V,,. Note that 
this is an unsteady problem for a stationary ob- 
server. However, for an observer moving to the . 
left with velocity V,,, the flow appears as a steady 
hydraulic jump. 


FIGURE Р10.98 


For an observer moving to the left with speed V, the flow appears as shown below. 


Thus, treat the flow as o jump with 
i= Vi P (20+ №) 
! QI jeza] * 


or 
Fr, = 0.176 (20+Vy ) 


Аы, А, Y= A, ГА ог Gat = 201, 
ý Vo Ww 


y,=IĦ y LE 


= Ww 


ксле 2 
V 2208 +1, i 
| (1) 


(2) 


у. = | 1+ [+852 | which when combined with Eçs.(1) and (2) becomes 


"erp ]* 1+8(0.176) (20+ Wy) | 


or LE 
2(20+ My) + Vy = Vy (1+(о.2жв)(то+\, $) 
or 2 2 2 
(40*3W,) = ү; ea dics 1, 
0.248 Vy +992 0? + 92V, - 240 ¥,- 1600 = 0 


which can be written as 


By using a standard program, the solution to Eg. (3) 


is determined to be V, = 4.36 ft/s. 
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10.99 Water flows in a rectangular channel with velocity 

V = 6 m/s. A gate at the end of the channel is suddenly closed 

so that a wave (a moving hydraulic jump) travels upstream with 

velocity V,, — 2 m/s as is indicated in Fig. P10,48 Determine 

the depths ahead of and behind the wave. Note that this is an i.p 4i 
unsteady problem for a stationary observer. However, for an PP 
observer moving to the left with velocity Vy, the flow appears | 

as a steady hydraulic jump. FIGURE. P10448 


Bei dd moving fo the ] ей with speed И, = 22 the Flow appears 


= = gf 

Thus, treat as a jump with М МАЛ ЖЕ TF SR 
у= 6828 Y=22 ý ae 

ә Pd 
Since A, V, - AV. or PY m = 4 it follows that 

+ =gl-l+fitem, |=4 Hence, Fn = 3.46 
M 
However, Fr, Gy $^ that 
(в 2)? 


= as = 
(9.810730) ^ 2622m 


-4y-4(0.652m)-2.44 m 
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10.100 (See Fluids in the News article titled “Grand Canyon 
rapids building," Section 10.6.1.) During the flood of 1983, a large 
hydraulic jump formed at “Crystal Hole" rapid on the Colorado 
River. People rafting the river at that time report "entering the 
rapid at almost 30 mph, hitting a 20-ft-tall wall of water, and exit- 
ing at about 10 mph.” Is this information (i.e., upstream and down- 


steam velocities and change in depth) consistent with the princi- 
ples of a hydraulic jump? Show calculations to support your 
answer. 


Is the given dala consistent 
with a hydraulic jump? 

V, = 30 mph = ^^" fls 

№ l0mph = /4,7f4/s 

Усу, «20H 


From conservation of mass : AV, = AV, 
or y V = le since b =width = b. 

T hus, 

% > V E 441 /s = 2.99 


— 0 —— m t  —À— — 


У Wo "Us 
Also, for a hydraulic jump 


| > =2(-14}l+8 7) so that 2.99 = 2C 1 1980 ) 


of 
Fr, = 2.44 


(1) 


Thus since Fr, = ze ‘if follows that 


ду, 
“Ut fts or у= [0.1 ft. so that from Eq.) 


(32.2 Н y, )* 
y, 72.97), =2,99(104 R) = 30,211 
Hence, the given data gives y, =30.2ft-10.1ff = 20, ft, 


which rs surprisingly close to the reported depth. Yes, the 
data is consistent with the principles of a hydraulic jump. ~ 


2.44 = 


10-3? 
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10.102 Water flows over a 2-m-wide rectangular sharp-crested 
weir. Determine the flowrate if the weir head is 0.1 m and the 
channel depth is 1 m. 


@=б„% үз ЫН”, where b=2m H=Olm 

Also, 

Cur = 0.611 40975 (E) where Ry = Im =H = Im-O.lm = 0.9m 
Thus, 


Cyr = 0, 611 10. 075 ( 
so that frei Eq. (I). 


Q = 0.619(E) |2 (4.912) (2m) (0. DEP 


te) = 0,619 


] 0-100 


{ ) 
A 
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10.103. Water flows over а 5-ft-wide, rectangular sharp- _ ——,—————— | 

crested weir that is Р„ = 4.5 ft tall. If the depth upstream is 5 { EN 

ft, determine the flowrate. SH au! 
е "Ie Б,= #5 


33 | = 
Q= Cur $ J2g ЬН it where Cur = 0.611 +0.075 (F) b-sfi 


wilh 
H= 5 ft-4.5ft -o5fl 
Hence, Cwr = 0.611 EOD 058) = 0,619 
апа | | 
Q = (0.619)(4) (2 (2.2 £.))* (st) (o. = 5.85 £P 


10.10% A rectangular sharp crested weir is used 
to measure the flowrate in a channel of width 10 


-so£? | 
ft. It is desired to have the channel flow depth be Q 50+ 
6 ft when the flowrate is 50 сїз. Determine the Gf Н, 


height, P,, of the weir plate. } 


Q= Gur 3 029 b H*, where H=6ft-R, and 
Cyr = 0.611 +0.075 H 


Fy 
Thus, 
Q= (0-611 +0.075 (25) (2) (224 (6-Р,) 


or 

3 - 
50& = (0.611 40.075 (222 ))(#)(###& Y* (пон) (в-в,) ‚ where I," fi 
Hence, 


IE ES 3 
[8.5 + 16 ](в&-в,) -12.5 =0 a) 


By using а standard roct-tinding program , the solution 


| to Ед, (I) 
is found tobe f, = 470fl. 
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10.105 Water flows from a storage tank, over two triangular 
weirs, and into two irrigation channels as shown in Video V10.13 
and Fig. P10.105. The head for each weir is 0.4 ft, and the flowrate 
in the channel fed by the 90°-V-notch weir is to be twice the 
flowrate in the other channel. Determine the angle 6 for the second 
weir. 


wm FIGURE P10.105 


5, 
0= См tan(&) Vag H” D 
where | 
9, = 40 j H, =H - ott and Q-2, (2) 
Thus, from Fig. [0.21 
Cut, = 0.540 


From Еде (ата (2), 
Caes Ө! yz; н“ 8 92. ag ^ 
Wy TS tan (5) 29 п, = Cup, & Мл( &) 29 П X2 


Or 

0.590 lan 5° = Cyt, lan (2 )х2 

ог 

Cyt, tan( 2) = 0.295 (з) 


Trial and error solution: Assume €, 20°, From Fig. 1021, Cul, 0.826 
Thvs, Cut, tan ( =) = 0,626 tan (10°) = O.110 = 0,29. Thus, Ө, + 20° 


Repeated tries result in the graphbelow from which we conclude that 
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10.106 Rain water from a parking lot flows into a 2-acre (8.71 
X 10* ft?) retention pond. After a heavy rain when there is no 
more inflow into the pond, the rectangular weir shown in Fig. 
P10.106 at the outlet of the pond has a head of H = 0.6 ft. (a) 
Determine the rate at which the level of the water in the pond 
decreases, dH/dt, at this condition. (b) Determine how long it 
will take to reduce the pond level by half a foot; that is, to 


H=0.1 ft. MFIG URE P10.106 


For a rectangular wein, 
Q =Car 2023 bI ^, where Cur = 0.6114 00752, 
Thus, with b Е and №221 


Q = = (0.6 +0075 5) Ф |2. (32. ie TI 
or 
Q = 26. a de ve PU where fofi 


d D / 
Also, Q= Arona ot =~ 8,7/xI0 a 
Thus, from Éas.(I) and (2), 


- #7110 ge = 26,7 (0,61130,0375 Н) 
or 


Н? 


- 3 -4 3, -S, 5 
(3) aH = -3070 (0611 * 0,0375 H) H^ = -187x10 UJ ^ -115x10 WA 


(д) When И =0.6f, 


: E о "d 
a = -/, 87%1 (0,5) ^— p psx10 (0.8) = -90x0 А (2922) 


= 0.324. 


(5) Integrate Ра(3) from H=0.6 fl when £<0 to Hof when i-T 


Thus, trom Eo(3) 
fef Heo] 


[е dif MEM. RM 
£0 ей (1. 87x10 H” б 5/2) 

© or — 96 
(4) Т = MNT P 
с] 07x18 P tono y^) 


merical integration of £t) gives T= 194,900 s ( e) S.S3hr 
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10.107 A basin ata water weatment plant is 60 ft long, 10 ft wide, { Q H 
and 5 ft deep. Water flows from the basin over a 3-ft-long, H4. N^ ай 47 
rectangular weir whose crest is 4 ft above the bottom of the basin. | % R= Ht | 
Estimate how long it will take for the depth of the water in the 
basin to change from 4.5 ft to 4.4 ft if there is no flow into the // 

basin. 


Q = Cyr S 2g b in where b=34 and Cup (04/9025 )) 
Thus 
3 
Q =(0.6 *0.075 (#)) 2] 2G2.2 ts) GH ^ 
or 


Q= #87 ^ +о,зоН ® HIS, where H~ tt 


Also, 
dH 


Q = Alen, aji = - (sof (ott) 44 
or 


Q = ¬ 6o0 al 
Thys from Eqs (Dand (2) 
-6004# = 9.9 0.3019 ia 


dt = - 6044 H ^ -g 00002 ^. where AH = water depth ip channel ^H. 
‚20% with Hz 0.5 fl at 1-0 and H=0.4H 41 t=T it follows that 


Ho. 
db =~} зо oon T 
Жу. (0.016% j| ^ +0,000502. 


0.5 Ду 


` J (богде H7" 40,0005021P ^) 
0.7 


A standard numerical integration ol £g. C4) gives 


7 = 20.1 8 

Note: From Eq, (3), di = -0.00589 H when Н= 0,1 and - 0.00420 £ 
when Н =0.###. Al these rales with 22 = АН = -SL we would 
obtain T= ОІД) =-0.1 1/-0.00889 ft) = 17.08 or 
T=-0.1ft/(-0.0042.0#) = 23.8 s, whioh brackets the acival T 72045. 
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10.108 Water flows over a sharp crested tri- 
angular weir with 9 = 90°. The head range cov- 
ered is 0.2 = Н = 1.0 ft and the accuracy in the 
measurement of the head, H, is SH = +0.01 ft. 
Plot a graph of the percent error expected in Q 
as a function of Q. 


Q = С, a fan) 29 He where Ө = 90° 
Thus, 
Яс er e 


da _ [Gy (505 «5 tan 
СН 


us ee and pad f calculate 
A after oblaining Cwi and ы from Fig. 10.21. 4, 


а - и 
HA | Go || 2 


Saa Joo oT т 


0.4 0.588 |-0.042 | 0.0618 
0.6 0.582.140.0/8 | 0,0414 
0.8 0.581 |-0.005 | 0,03/2 


. LO 0.581 0 0. 0250 


The above results are plotted Бери : 


МЕЛ е л ы с.‏ ا ا 


о 02 04 06 08 1 
H, ft 
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a) 


10.109 (a) The rectangular sharp-crested weir shown in Fig. 

Р10.109а is used to maintain a relatively constant depth in the 

channel upstream of the weir. How much deeper will the water be 

upstream of the weir during a flood when the flowrate is 45 ft/s , 
compared to normal conditions when the flowrate is 30 ft/s? Assume 

the weir coefficient remains constant at Cwr = 0.62. (b) Repeat the 

calculations if the weir of pari (a) is replaced by a rectangular sharp- 

crested "duck bill” weir which is oriented at an angle of 30° relative g E 1G uU m E' p10.108 
to the channel centerline as shown in Fig. P10.109b. The weir 


coefficient remains the same. 


In either case 
@- Cus 7 bil = o.ex3)|2G2.2 fs) БН? 


Q= 3.32 by , where Q^ f17s when b~ ана H~ fl (1) 


(a) From Eq. () with b -20flif 9 = 30/5 then 
30 = 3.32 (20) H or H,, 70.584 fl 
If @ SE thon 
#5=3.32 (20) a ог = 0,772 N 
This, АН= Hg 5 = 0772 fl -0.589 fF = 0/831 
(b) From Eq, (1) Hs 2 (offen 30°= «0 (4 Q= a then 
30 £3.32 (to , 0^ Н, = 0,3711! 
If Q = 45 H7 then 
4572,32 (oH or hg = 0,486 H 
Thus, OH, = Hg -Ho = O.486Ft ~ 0,371 = ONS f 
Note that the “duck bill" weir gives a smaller change in the head than 
does the "regulan" weir. 
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10.0 — Water flows in a rectangular channel of 

: width b = 20ft at arate of 100 ft/s. The flowrate 
is to be measured by using either a rectangular 
weir of height P, = 4 ft or a triangular (0 = 90°) 
sharp crested weir. Determine the head, Н, nec- 
essary. If measurement of the head is accurate to 
only +0.04 ft, determine the accuracy of the mea- 
sured flowrate expected for each of the weirs. 
Which weir would be the most accurate? Explain. 


(a) Rectangular weir: 


@= (0.61 +0.075(4 ))(2) ag ЬН, where R,= fl 


Thos, | 
e [ови +0025) (2)[2(з2.2)] (тон) н 
Q= 107 (0.611 +0.0188H) H = where Q^ € - and H~ fi (1) 


in Q= 1008" this gives 0.935 = (0. ги +0.0188H)H 


7l 32.5 +H) HE -44.7 =0: 
By using a standard root- paling program, the зоор to Ед. (2) ks 
determined to be 
H=1294 ‘it 


(b) Triangular weir : , 
@ = ба 5 fan ($) H° = Cu (Ê an 45°) [2(32.2 5 28 £)] * y” 
"0 = 4280, "LM £L , where H~ T. and G, is from Fig, 10.24. (2) 
For @= 100# , assume С° 258 so that 


4.28 (0.58) НФ , or Н= 43901 Note: The assumed 6,470.58 
checks (see Fig. 10.21) 


Calculate Q for ЕН, 440.04, and H,,- 0.0% from Eqs. (and (2): 
(Rectangular) H, fl | Q, cfs (Triangular) H,ft | Q, cfs 


1.254 | 95.3 | 4. 35 
Hoo™ 1.294 | 100 (Hast 4,39 [оо 
1,334 104.9 4,43 102.5 


With Hto.o4ft if is seen that triangular weir is more accurate 
(с.е. smaller variation inQ). 
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10.111 Water flows under a sluice gate in a 60- 

ft-wide finished concrete channel as is shown in ` 

Fig. P10.i!l. Determine the flowrate. If the slope 

of the channel is 2.5 ft/200 ft, will the water depth 

increase or decrease downstream of the gate? As- ИДЕ учу: 
sume С, = y,/a = 0.65. Explain. 4 с 


FIGURE P10.111 


Q- bq, = bC, a Yegy , where b= 60# ,а=2Н, and from Fio.I0.27- 


since й loft z5 Н follows that С,= 0.55 
Hence, 


Q= (£ofl)(o.55)(2f1)|2 (32.28 уон] = 1670 


S 


Determine the slope needed to maintain uniform flow downstream 


of the gale: 


@=+# 4 Ry? Cid , where X -149 and from Table 10.1 п = O.0I2 


Also, Y, = C, a =0.65 (2ft) =1.3 ff i 


Laf 
so that T L—— soft | 
m A = (-5£D(6080) = 78 ff, P= (60*20.3) fl - 62.6 A 


» ..760fi*? . 
R,=4 “saw = 25 
Thus, from Eg. C: 


= LHI % ot И 
1670 = =515-(78)(1.245)" S> , or 5,= 0,0222 


Hence, the required slope for uniform flow is 5,= 0.0222 


but the actual slope is S," 258, =0.0125, less than reqired. 
The flvid will slow down and the depth increase. 
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10.112 Water flows under a sluice gate in a 
channel of 10-ft width. If the upstream depth re- 
mains constant at 5 ft, plot a graph of flowrate as 
a function of the distance between the gate and 


—» 
channel bottom as the gate is slowly opened. As- >7>УУУУТАУУУУУУ 


sume free outflow. 


Q=gb = bG a {Zgy, , where y= 5tt, b= loft, and С. is from Fig.10.25. 


Thus, : 
@= G (lof а [pG228 X5 FD] = 179Ga S 
q | e£ 
EV 0 

0.58 | 519 

0.55 98-5 

0.53 142 

0.5] 163 

9.50 224 


2 


E 


5 where q^ fl 


—— 


ahs 


Q, ffs 


| 0-09۹ 


Fig. 10 
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10.113 A water-level regulator (not shown) maintains a depth of 
2.0 m downstream from a 10-m-wide drum gate as shown in Fig. 
P10.113. Plot a graph of flowrate, Q, as a function of water depth 
upstream of the gate, у,, for 2.0 Su = 5.0 m. 


Ш FIGURE P10.13 


0 =bg =byaV2gy , where а=/т and b= Jom, 


Thws,. : 
Q = (от) Ca Im) ZOE (ym) = #62 Ty, where Q5 


Obtain C, trom Fig. 10.25 with 5. 22. 


when y,~m 


y1, m у1/а Са О, m^3/s 

2.00 2.00 0.00 0.00 

2.20 2.20 0.25 16.43 

2.40 2.40 0.35 24.02 
2.50 0.42 29.42 
2.60 0.47 33.57 
2.80 0.53 39.29 
3.00 0.53 40.67 
3.50 0.54 4475 
4.00 0.55 48.29 
4.50 51.69 
5.00 


| 0-110 
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1041 Calibration of a Triangular Weir 


Objective: The flowrate over a weir is a function of the weir head, The purpose of this 
experiment is to use a device as shown in Fig. Р10.114‹о calibrate a triangular weir and de- 
termine the relationship between flowrate, О, and weir head, Н. 


Equipment: Water channel (flume) with a pump and a flow control valve; triangular weir; 
float; point gage; stop watch. 


Experimental Procedure: Measure the width, b, of the channel, the distance, P,, be- 
tween the channel bottom and the bottom of the V-notch in the weir plate, and the angle, 6, 
of the V-notch. Fasten the weir plate to the channel bottom, turn on the pump, and adjust the 
control valve to produce the desired flowrate, Q, over the weir. Use the point gage to mea- 
sure the weir head, Н. Insert the float into the water well upsweam from the weir and mea- 
sure the time, f, it takes for the float to avel a known distance, L. Repeat the measurements 
for various flowrates (i.e., various weir heads). 


Calculations: For each set of data, determine the experimental flowrate as О = VA, where 
V = L/t is the velocity of the float (assumed to be equal to the average velocity of the water 
upstream of the weir) and A = b(P,, + Н) is the flow area upstream of the weir. 


Graph: On log-log graph paper, plot flowrate, Q, as ordinates and weir head, H, as ab- 
scissas. Draw the best-fit line with a slope of 5/2 through the data. 


Results: Use the flowrate-weir head data to determine the triangular weir coefficient, C, 
for this weir (see Eq. 10.32). For this experiment, assume that the weir coefficient is a con- 


stant, independent of weir head. 


Data: Toproceed, print this page for reference when you work the problem and click Here 
to bring up an EXCEL page with the data for this problem. 


m FIGURE Р1О.П# 
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Solution for Problem 10.1% Calibration of a Triangluar Weir 


6, deg in. Py, in. L, ft 
90 ) 6.55 1.50 


У, #5 
0.183 
0.176 
0.140 
0.120 
0.091 
0.077 
0.055 
0.031 
0.024 
0.022 


Q = УА = V*b(P,, + Н) where V = Lit 


О, ft^3/s 
0.07 11 
0.0679 
0.0530 
0.0443 
0.0328 
0.0270 
0.0189 
0.0101 
0.0076 
0.0070 


Q = C4, (8/15) tan(0/2) (29)? Н? where from the graph 


Q=2.76H** 


Thus, См = (15/8)*2.76/(2*32.2)'? = 0.645 


Problem 10.1! 
Flowrate, Q, vs Head, H 


| * Experimental 


10 “I2 


10.1.5 Calibration of a Rectangular Weir 


Objective: The flowrate over a weir is a function of the weir head. The purpose of this 
experiment is to use a device as shown in Fig. P10.)£5to calibrate a rectangular weir and de- 
termine the relationship between flowrate, Q, and weir head, H. 


Equipment: Water channel (flume) with a pump and a flow control valve; rectangular 
weir; float; point gage; stop watch. 


. Experimental Procedure: Measure the width, b, of the channel and the distance, Pw, 
between the channel bottom and the top of the weir plate. Fasten the weir plate to the chan- 
nel bottom, turn on the pump, and adjust the control valve to produce the desired flowrate, 
Q, over the weir. Use the point gage to measure the weir head, H. Insert the float into the 
water well upstream from the weir and measure the time, f, it takes for the float to travel a 
known distance, L. Repeat the measurements for various flowrates (i.e., various weir heads). 


Calculations: Foreach set of data, determine the experimental flowrate as О = VA, where 
V — L/t is the velocity of the float (assumed to be equal to the average velocity of the water 
upstream of the weir) and A = БР, + Н) is the flow area upstream of the weir. 


Graph: Оп log-log graph paper, plot flowrate, О, as ordinates and weir head, Н, as ab- 
scissas. Draw the best-fit line with a slope of 3/2 through the data. 


Results: Use the flowrate-weir head data to determine the rectangular weir coefficient, 
Cwn for this weir (see Eq. 10.30). For this experiment, assume that the weir coefficient is a 
constant, independent of weir head. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


m FIGURE 810.15 
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Solution for Problem 10.115 Calibration of a Rectangular Weir 


b, in. Р in. L, ft 

6.00 6.00 1.40 

H, ft ts V, #5 Q, ft^3/s 
0.254 2.2 0.636 0.240 
0.216 2.7 0.519 0.186 
0.184 3.0 0.467 0.160 
0.162 4.2 0.333 0.110 
0.151 4.5 0.311 0.101 
0.111 6.6 0.212 0.065 
0.060 15.8 0.089 0.025 
0.046 23.8 0.059 0.016 
0.031 38.4 0.036 0.010 


О = VA = V*b(P,, + Н) where V = Lit 
Q = Cy, (2/3) (29) ^ H”? b where from the graph 
Q=1.79H"* 


Thus, Cy, = (3/2)*1.79/(0.5*(2*32.2)!?) = 0.669 


| Problem 10.15 
Flowrate, Q, vs Head, Н 


EN 


0.10 1.00 


| 0-14 


/0./16 | 


10.116 Hydraulic Jump Depth Ratio 


Objective: Under certain conditions, if the flow in a channel is supercritical a hydraulic 
jump will form. The purpose of this experiment is to use an apparatus as shown in Fig. P10.116 
to determine the depth ratio, y2/y,, across the hydraulic jump as a function of the Froude 
number upstream of the jump, Егу. 


Equipment: Water channel (flume) with a pump and a flow control valve; sluice gate; 
point gage; adjustable tail gate. 


Experimental Procedure: Position the sluice gate so that the distance, a, between the 
bottom of the gate and the bottom of the channel is approximately 1 inch. Adjust the flow 
control valve to produce a flowrate that causes the water to back up to the desired depth, yo, 
upstream of the sluice gate. Carefully adjust the angle, Ө, of the tail gate so that a hydraulic 


, jump forms at the desired location downstream from the sluice gate. Note that if 0 is too 


small, the jump will be washed downstream and disappear. If 0 is too large, the jump will 
migrate upstream and be swallowed by the sluice gate. With the jump in place, use the point 
gage to determine the depth upstream from the sluice gate, yo, the depth just upstream from 
the jump, yı, and the depth downstream from the jump, у. Repeat the measurements for var- 
ious flowrates (i.e., various yo values). 


Calculations: For each dataset, use the Bernoulli and continuity equations between points 
(0) and (1) to determine the velocity, V}, and Froude number, Ег, = Vj/(gy;)'^, just upstream 
from the jump (see Eq. 3.21). Also use the measured depths to determine the depth ratio, 
y»/ Yi, across the jump. 


Graph: Plot the depth ratio, y2/y,, as ordinates and Froude number, Fr), as abscissas. 


Results: Onthesame graph, plot the theoretical depth ratio as a function of Froude number 
(see Eq. 10.24). 


Data: То proceed, print this page for reference when you work the problem and click fere 
to bring up an EXCEL page with the data for this problem. 


Hydraulic jump 
Tail gate 


Ш FIGURE P10.116. 


10./16 | (cont) 
Solution for Problem 10.116 Hydraulic Jump Depth Ratio 


Experimental Theoretical 

yo, ft Ya ft ya, ft. V,, ft/s Fr, у У! Ег, yoly 
0.855 0.055 0.404 7.19 5.40 7.35 1 1.00 
0.759 0.055 0.386 6.75 5.07 7.02 2 2.37 
0.691 0.055 0.367 6.42 4.82 6.67 3 3.77 
0.578 0.055 0.337 5.83 4.38 6.13 4 5.18 
0.492 0.055 0.308 5.34 4.01 5.60 5 6.59 
0.414 0.055 0.280 4.85 3.65 5.09 6 8.00 
0.289 0.055 0.233 3.95 2.97 4.24 

0.248 0.055 0.211 3.62 2.72 3.84 


For flow under a sluice gate: 
V; = [29*(Yo - YI - (yy) T^ 


Theory: 
узу = [-1 «(1 +8Ет,2)' 2/2 
Fr, = Vagy) 
Problem 10.116 
Depth Ratio, у, /у;, 
vs 
Froude Number, Fr, 
| 
| 
Е —#— Experimental 
* —— Theoretical — 


/O0.H1 | 


10.117 Hydraulic Jump Head Loss 


Objective: Under certain conditions, if the flow in a channel is supercritical a hydraulic 
jump will form. The purpose of this experimentis to use an apparatus as shown in Fig. P10.117 
to determine the head loss ratio, Л /y;, across the hydraulic jump as a function of the Froude 
number upstream of the jump, Fr, 


Equipment: Water channel (flume) with a pump and a flow control valve; sluice gate; 
point gage; Pitot tubes; adjustable tail gate. 


Experimental Procedure: Position the sluice gate so that the distance, a, between the 
bottom of the gate and the bottom of the channel is approximately 1 inch. Adjust the flow 
control valve to produce a flowrate that causes the water to back up to the desired depth, yo, 
upstream of the sluice gate, Carefully adjust the angle, 0, of the tail gate so that a hydraulic 
jump forms at the desired location downstream from the sluice gate. Note that if 0 is too 
small, the jump will be washed downstream and disappear. If 6 is too large, the jump will 
migrate upstream and be swallowed by the sluice gate. With the jump in place, use the point 
gage to determine the depth upstream from the sluice gate, yo, and the depth just upstream 
from the jump, y;. Also measure the head loss, Лу, as the difference in the water elevations 
in the piezometer tubes connected to the two Pitot tubes located upstream and downstream 
of the jump. Repeat the measurements for various flowrates (i.e., various yg values). 


Calculations: For each data set, use the Bernoulli and continuity equations between points - 
(0) and (1) to determine the velocity, Vi, and the Froude number, Fr; = V,/(gy,)'”, just up- 
stream from the jump. Also calculate the dimensionless head loss, ^; /y;, for each data set. 


Graph: Plot the dimensionless head loss across the jump, /4/y;, as ordinates and the, 
Froude number, Ег, as abscissas. 


Results: On the same graph, plot the theoretical dimensionless head loss as a function of 
Froude number (see Eqs. 10.24 and 10.25). 


Data: То proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Shige gate Point gage 


(0) ; | | 


hy 
Hydraulic 
jump | Tail gate 


` Pitot tube m FIGURE P10.1/7 
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Solution for Problem 10.117 Hydraulic Jump Head Loss 


Experimental Theoretical 
Yo, ft y, ft ya, ft. hı, ft V4, fs Fr, hi/y4 Fr, уу! һ,/у, 
0.855 0.055 0.404 0.364 7.19 5.40 6.62 1 1.00 0.00 
0.759 0.055 0.386 0.313 6.75 5.07 5.69 2 2.37 0.27 
0.691 0.055 0.367 0.271 6.42 4.82 4.93 3 3.77 1.41 
0.578 0.055 0.337 0.201 5.83 4.38 3.65 4 5.18 3.52 
0.492 0.055 0.308 0.152 5.34 4.01 | 2.76 5 6.59 6.62 
0.414 0.055 0.280 0.117 4.85 3.65 2.13 6 8.00 10.72 
0.289 0.055 0.233 0.058 3.95 2.97 1.05 
0.248 0.055 0.211 0.042 3.62 2.72 0.76 
For flow under a sluice gate: 
V. = [29*(yo = у)/(1 - (y/yo))] ^ 
Theory: 
hy, = 1 - (узу) +Fr [1 - (yaya) 2 
where 
Yay, = [-1 1 + arr) y2 
Problem 10.117 
Dimensionless Head Loss, h,/y, 
vs 
Froude Number, Fr, 
| 
i 
| 
| 
> 
=} 
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11.1 Distinguish between flow of an ideal gas and inviscid flow of 
a fluid. 


Phe flow of an ideal gas /volves a gas that obeys the bua tion 
of state, Eg. ll 4 


„ 2 
[^ ят ч | 
and for which merna! же ر4 ر‎ ۶ а tunction of femperature only. 
An ideal 915 may have non- 3ero viscosity. 


The invisejd thw of a fluid volves a fuid that has 
oP VISCOS ity, Thal fhid may or «шу nol be ди idea / ‚745. 


11.3 Five pounds mass of air are heated in a closed, rigid container 
from 80 °F, 15 psia to 500 °F. Estimate the final pressure of the air 
and the entropy rise involved. 


To determine the fina] pressure, Р, we can use the ideal 


inal 2 
gas eguation (63. 10). Thus, Tor constant mass = density , 


= Fini mal dar Poen Y £o м) volume | 
C d uo oo IE EL E n = 26.7 буа. 
nal 7 3 6.2 


ini Mal 5 40 % 
£3. 11.22 may be used to determine the entropy rue, S-S. Thus, 


5, E S = Cs /n T nal = R Ih Creal 


E. ۶; 
ini hel iom From Table ^7 


= (6006 lk |» RUN R ) - (fme £t pa lb 6. EN - 2466 ftl 
7149.9 e) Slug. ^ (Es) —— "lus. R 


11.* Air flows steadily between two sections in a duct. At 
section (1) the temperature and pressure are T, = 80°С, 
pi = 301 kPa(abs), and at section (2), the temperature and pres- 
sure are T,= 180°C, p = 181 kPa(abs) Calculate the 
(a) change in internal energy between sections (1) and (2), 
(b) change in enthalpy between sections (1) and (2), (c) change 
in density between sections (1) and (2), (d) change in entropy 
between sections (1) and (2). How would you estimate the loss 
of available energy between the two sections of this flow? 


(a) Eg. 11-5 may бе used h evaluate the change m Infernal 
energy , ú,- U. Thes, 


2. / 


fd = в Ue d) = бта 42 a x ){##*- 353K) = e 


(Ь) £4. "9 may бе used # evaluate the change xd enthalpy, 
i oL 7hus, 


b-k = 6t-L)e (1004 Z Vwssk - 353k) = 199,400 7 


(c) The ideal gas egua fion (Eg. l1 d bag be used ty evaluate 
the density at each section. 


«Т EM 
A #7, RT, 4f -. 2) 


or м ог одо М 
pu д а RE). P EJ o 
т que (453k) (353K) — n 


f K 

ЕРРЕТИ 7 

(а) Eq . lı. 22 may be used тр evaluat ће. change in entropy , 
5, - 5, . Thus , 


a е! А e (he joo 7 "ls (453K) 


№ 29 К (35K) 


ov (286.9 feo 


(301 kPa 


(сот) 


Since the flow involves a Sign ih can change m densi , fee 

Solution Yo Part (С) above, it is Compressible and Eg. 5108 
must be Used to evaluation the loss in available energy beeen 
sec tins б) and (2). So Bana Eg. 5./08 we gef 


2 
v м 
057 = 4-4 + |м) - 
“мА. ж 


^n 
and do complet this soletim we need mot бта So vt 
Ca» evaluat the ihk sva/ and qe ` 


An 


5 


11.5 Doesthe entropy change during the process of Example 11.2 
indicate a loss of available energy by the flowing fluid? 


We combine Ef. 5.10€ 

dă + pd )- 2 т (Лез ) 

In 
with Eq. 5.92 
ds «du PA 

Tds utp G ) 
to get 

7ds - A = di hes] 
and conclude that it this flow 1s adiabatic (Д =o) 


wet 
^^ 


then entropy change ic related + hss 


1706 


11.6 As demonstrated in Video V11.1, fluid density differences 
in a flow may be seen with the help of a schlieren optical system. 
Discuss what variables affect fluid density and the different ways 
in which a variable density flow can be achieved. 


Fov an /dea/ gas: 


Е 
"7 RT 


So changes n densi ty ewill accompany changes in 
pressure, P, 905 compositon e and/or temperature, T. 
Variations in fluid velocity and/or healing and 
cooling may Tesu/? in presure and temperature 
changes. Changes in gas Composihon that affec} 


the Value of fhe ges Cori lant A, Wi result Im 
c henges of density M 


E 


11.7 Describe briefly how a schlieren optical visualization system 
(Videos V11.1 and V11.4, also Fig. 11.4) works. How else might 
density changes in a fluid flow be made visible to tbe eye? 


Density Vawiatons IN a. transpa rent flowing Shard result "m 
Variahons ` 


These. light speed variatons result in changes in light ray 
direction and phase. Changes in light 

local variations in perceived light brightness, Же. 
shadowgraph and schlieren methods make visible 
these variathons in f. 19 At bright ness. An imterferomefer 
makes visible the local variations in light ray phase . 

А Good description of These three Hw иа! у>) 


methods may be found yy The Handbook of Ёо 
Dynamics edited by Richard W. TJthuson and 
published by the CRC Press (1992). 


"— 


11.8 Explain why the Bernoulli equation (Eq. 3.7) cannot be ac- 
curately used for compressible flows. 


Refer to Section 3.8.1 Compressibilih, Effects 


11.9 Air at 14.7 psia and 70 °F is compressed adiabatically by a 
centrifugal compressor to a pressure of 100 psia. What is the min- 
imum temperature rise possible? Explain. 


The minimum temperature rise would occur with an adiabatic and 
Pictonless process which involves a constant entropy ov isentropic 
flow. According Ф the second law of thermodynamics , Eg. 5. jor ر‎ 
the entropy must Increase or remain Constant during an @adjebahle 
process, jf cannot decrease. The T-s diagram sketched below 


illustrates how the isentropic process results in a minimum fempergue 
rise. Put 


1 
2 adiabatic process with friction 
1 


Р. 
‚хеп hoyi c 


Compression 


s 


For the isentropic Process , e is valid. Thus, 
Р ү А / i 
T ub = B te Эй (530 R) ch Sa 
minimum Z^ /4.2p5/a 
_ UIR - 4 


minimam 


11-6 


11.10 Methane is compressed adiabatically from 100 kPa(abs) and 
25 *C to 200 kPa(abs). What is the minimum compressor exit tem- 
perature possible? Explain. 


The minimum compressor exit temperature would occur with an 
Adiabatic and frichonless process which involves a constant 
entropy ev /sentropic flow. According to Ње second law of 
thermodynamics , Eg. §.101, the entropy must Increase or 
reman constant during an adabafc process, it cannot 
decrease. The Ts diagram sketched below Mustrates how the 
stn tropic Process results in o bwer exit Yemperafure. Than any 
actual adiabatic process between the same pressures. 


fout 
T 
adiabatic process with triction 
isentropic 
process 
| | 5 
For the isentopre Compression ,we conclude hom Єй.//.2# that 
Res 
= Бат 
Tout Е л = وا‎ 
1 ))mur» th 
/3/-/ 
Or ^3; 
£ gi (278k) 120004, _ = 35ү Ҝ 


герт Af. 


ll- F 


11.11 Airexpands adiabatically through a turbine from a pressure 
and temperature of 180 psia, 1600 °R to a pressure of 14.7 psia. If 
the actual temperature change is 85% of the ideal temperature 
change, determine the actual temperature of the expanded air and 
the actual enthalpy and entropy differences across the turbine. 


Jo determme the actual temperature of the expanded Gir ana the 
actual enthalpy and entropy differences across the turbine we need 
first w defrmme the ideal temperature change across the turbine. 
The ideal temperature change across the turbine is associakd wilh an 
adiabatic and frictionless and thus isentropic throne Opansion. 

The actual process (йо: a Smalley femperatere change As illushakA 
With the 7-5 diagram skekh below. 


T 


isentropic 
process 7» 


Eg. 11.24 45 valid tor - isentropic нм. IU 


p LE) = (1600°R ) 14. с E Е 


^d'ee/ 180 psia 
Jin 7 


7, ) = TE 


n 


= / 


Le = ите ue = 105 x 
actual 
The actual m difen, h, бар. A. "ау be obfained with rae к 
[74 v 
асла? (Tat - = sing 
De actual entropy ditfevence , out = s e. чыны wif бу 44.22. Thus, 


Tut, 
- 5. =6,/n( | -R Infot MET inf OS ве биб yaf hff ^7 psia 
kcu n E Š -) - ( E f slug. R буд °д l0 роѓ. Ж, 


4. 4 
Жы 5,, = 877 D T From Table 7 


== Flug. og 


or 


/t- e 


11.12 An expression for the value of c, for carbon dioxide as 
a function of temperature is 


1.15 x 103 2.49 x 106 
—————— 4 Lm 
T T* 


where c, is in (ft - Ib)/(Ibm - °R) and T is in °R. Compare the 
change in enthalpy of carbon dioxide using the constant value 
of c, (see Table 1.7) with the change in enthalpy of carbon diox- 
ide using the expression above, for T; — T, equal to (а) 10°R, 
(b) 1000 °R, (е) 3000 °R. Set T, = 540 °R. 


c, = 286 — 


For constant (Cp, the change m enthalpy ,h,-h, , may be 
evaluated with Eg. 1.9. oM 


(hh) = 6 6 Ch, =F 


Бу varying ^ Р the m mn enthalpy, h mnm be 
evaluated “н Eg. go Thus, 


de т dT = 12 „шм + а) йт 


w= Tom R 7 


Jack kc (m ыи Lo ] =з das ind 
= 550K 


= 2 L+ lb ш, SHR) „ 1520 l 
lem. ^g. / 


m 


h = (236 EX. SSOR- SU) R fisxo f+. Ib fe 
i$ lim. °K f ر‎ Пам. * 


540'R 
feru’ fb. А 4 "d _ uk ) 


1590 ft. Ib 
Ibm 


(con't ) 


1/1-4 


con't) | 


(Рок Т = 540 & and T= 154¥0°2 


(52 t+ lo R- 540%) = | * A 
СЕ b, Jh x d ЕЕ rece f /540 0%) 452 x/0 td 


= (286 ft le \[Is4ok- зю) 
“Ch ^ ) di 4 Ibm. °R y 
i — (1.15 x10 HL. a 7 s 
540 %. 


aod ft. 4. R 
Ibm Pon * rs 
Ch, Ж) = 195 до” ftl 
i = ы 
Cp 
(c) For Т = 540 © aud T, = 35404 


; s 
8 h ) = (ee PE. ft. %_ \( 3540 R- SHOR) = 4.56 X10 PI lb 
EN Ibm, г lbw 


v v £14 peu pet EY: 
Lu би tmt fon) et 
5 


(74x0 ft. %. 


f 
/bm пазу. ae) 


{i i) = 680 xio” Ft 
> Varying ЕЕЕ rm 


с, 


/t- /© 


11.14 Confirın the speed of sound for air at 70 °F listed in Table 
B.3. 


£j. 1.36 is Juidable fy caleulating the speed of Sound in alr. Thus, 


С = RTA = С f+. lb ($30 °д)б.%/ ) = u29 fT 
slug. R / Le 5 
slug. a ) 


From Talle P3 
C228 tt fw alr at 70°F Jhe values of с are compara ble. 
s 


15 


11.15 From Table В.1 we can conclude that the speed of sound 
in water at 60 °F is 4814 ft/s. Is this value of c consistent with the 
value of bulk modulus, E,, listed in Table 1.5? 


The speed of sound / water may be appoximated tom a 


nominal value of the bulk modulus, Е. , and density, p, 
Wilh Eg. 0-38. Thus 


From Table 8.1 


c = 4814 Ft 
Ay 
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11.16 If the observed speed of sound in steel is 5300 m/s, deter- 
mine the bulk modulus of elasticity of steel in N/m?. The density 
of steel is nominally 7790 kg/m”. How does your value of E, for 
steel compare with E, for water at 15.6 °С? Compare the speeds 
of sound in steel, water, and air at standard atmospheric pressure 
and 15 °С and comment on what you observe. 


The speed of Sound ,C, is relaled # the bulk modulus of 
elasticity, Ey, and density, p, by Eg. I 29 as follows 


€ = [Е 
P 


Thus 
E ow EC Table 1:7). 


v 
and for steel 


2 
E = (7770 - ) EM A ) 


Steel Ég., m 
or ^ 
РГА N 
E = 2X Z 
же! = m> 
For water al 15.6 С we get tm Table I6 io ki 
Е. = Exe" N 
үа т? 
Ł 
Lev watr af 15.6 С í 
{= Eo 2.15 x 10? AJ 
(4979 s y z а 
pe Kg. ^t. 
^ sz 
For steel 


с = 5300 m which is much higher thah the 
ыш speed of Sound m wake 


Fw air at SC we get hrm Table 8.4 
C = 340.4 п 


4h 

The least compitssible material steel, ıi volves the lamest speed of 
sound. The most compressible ma fex jal, а, anvo/ves fhe smallest peed 
of Sound. This matches ouy jntui фот 
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11.17 Using information provided in Table C.1, develop a table 
of speed of sound in ft/s as a function of elevation for U.S. 
standard atmosphere. 


We can use &. 11-36 fo determine the speed of sound m U.S. 

standard Atmosphere at the elevations listed in Table С. Thus, 
C= [RTR 

We use R= 1716 p and R = 1-40 ham Table 17. For atsoak 

temperature we ada "4o R To °F. For altre = – 5000 f? 


ү" 716 f+. lé (538.94 *z )(1- 40 ) 


slug. R / lb 
f} 


For all elevations , the Same procedure shown above was used. 
The results are: 


136 Ít 
> 


altitude C 
NH. NEA. 3 
- 5000 1136 

O 907 7 
5000 1097 
10,000 1078 
15,000 1058 
20000 1037 
25,000 /016 d 
70,000 995 
22000 273 
40,000 968 
45,000 4668 
50,000 46 © 
60,000 26 8 
70,000 Q2 
90,000 973 
70,000 934 
/00,000 991 
/%0,000 1073 
200,000 102.8 
250, 000 qu 
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11.18 ^ Using information provided in Table 
C.2, develop a table of speed of sound in m/s as 
a function of elevation for U.S. standard atmo- 


sphere. 


We Can use Eg. /^- 36 w dekrmmne the speed of Sound in U.S. 
standard atmosphere at the elevations listed ih Table C.2. Thus, 


C=((RTR 
We use R= 2864 2 ара k = 1.40 trom Table 18. Foy absoluk 
Temperature we cl 273K to С. Foy altitude =-1000m , 


C= 286.9 уос 5K )(1-40) 


Ce ут) 


For all elevations, the ane. procedure was used. The vegulh are: 


= 344 m 
KJ 


altitude С 
т m/s 

- / 000 25H 
0 340 

/000 336 
2000 272. 
3000 $22 
4000 324 
5000 220 
6000 316 
7000 312 
8000 308 

7 000 304 
10,000 299 
/5, Одо 298" 
20000 245 
25 000 2738 
30, 900 207. 
40,000 317 
50, 000 330 
бо, 000 #15 
70,000 z707 
30, 000 282 


UNE 


11.19 Determine the Mach number of a car 
moving in standard air at a speed of (a) 25 mph, 
(b) 55 mph, and (c) 100 mph. 


The Mach number is The ratio of Mecal velocity to speed of sound 


Ду stindard air 


ё = ere а (74 Ft te ) 4 R)G4#) = 1117 e 


slug. 2 


adi (8600 = 
£t Ar 

С = (0117 P ao J = 76 /.6 трА 
Mmi 


(а) Бр V= 25 mph 
Ma = а ac 
161.6 mph 

(For v = 55 mp ^ 
76.6 mph 

(Fev V= 00 mph 


Ma = /00 "ph 
761.6 mph 


/1-/5. 


7.23 | | | instantaneous locatio A 


of the рой? 


11.23 Ata given instant of time, two of the 
pressure waves, each moving at the speed of sound, 
emitted by a point source moving with constant 
velocity in a fluid at rest are shown in Fig. P11.23 
Determine the Mach number involved and indi- 
cate with a sketch the instantaneous location of 
the point source. 


0.15 m 


T FIGURE P11.2 
The Mach number associated with The mohon of the 


pomt Source mvolved m the sketch above fs easily sbtamed 
With Eg. 1439 as Shown below. 
Ma = Е 
Sin «К 
From the sketch above we nok that 


уй ب‎ - А . / m 
015m +L 


Thus 
6.tim)(0.15m+2) = Olmpd 


f= (0. 0m (0.15 т) = 0.0/67 ют 
(0.09 m) = 


O.0/ m 


Яй Ф = 25 72 


0.0/7 т 


^- 16 


11.24 At a given instant of time, two of the 
pressure waves, each moving at the speed of sound, 
emitted by a point source moving with constant 
velocity in a fluid at rest are shown in Fig. P11.24. 2 in. = C($ ё) 
Determine the Mach number involved and indi- 


cate with a sketch the instantaneous location of 
the point source. Re 
5 in. 
vé 


FIGURE P11.24 


To defermme the Mach, number Ма, we use 


Ma = Vtwave @) 
С wave 
However, from the skefeh above we have 
CCC - аме ) = Rim = ЕФ о 0,50 = O. -c 


Thuas, 
[ГО л. - 2м. = Ên- 


46625 (отм ) = 6:25 in 
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11.25 Sound waves are very small amplitude pressure pulses that 
travel at the “speed of sound.” Do very large amplitude waves 
such as a blast wave caused by an explosion (see Video V11.7) 
travel less than, equal to, or greater than the speed of sound? 
Explain. 


The speed of Sound /< the speed al which an 


Infinilesima/ pressure. disturbance travels th rough 
@ fluid and it represents the minimum speed 
of this disturbance . Finite pressure Aisturbances 
travel faster than sound waves because the 
larger pressure difference acts as a driver of 
faster movement. 


11.26 How would you estimate the distance between you and an 
approaching storm front involving lightning and thunder? 


One way to estimate the distance between you 
and аррпа ching storm clouds, x , is To coun? 
the humber of seconds, m between Seeing {he 
fightmag and дануу thunder. Using an 
approximate value of the speed of Sound, 
1/45 £t ( see Table 8.3 ) we сал approx | male 
distance, x trom 


x = (ues & Ye) 
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11.27 If a person inhales helium and then talks, his or her voice 
sounds like “Donald Duck." Explain why this happens. 


The speed of Sound in hellum is nearly three Ames the. 
speed of sound in air. 


11.28 If a high-performance aircraft is able to cruise at a Mach 
number of 3.0 at an altitude of 80,000 ft, how fast is this in (a) mph, 


(b) ft/s, (c) m/s? 


(6) With Eg. Ir. 6 
V = (Ma 218 


Ane at 80,000 f* ın 
hom the solution of problem 


U.S. standard atmosphere, we have 
/1.16 


C= 97¢ ft 
S 


Thus 
ft ) = 2430 tt 
4 (2.0 ) (978 > й, 


(а) Then 


V 
"^ (5220 ft. 


mi 


600 _5. 
(2430 af (360 227 = 2000 mph 


(a) Also 
y= (29730 f )(озон т = 573 


7 
$ 
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11.24 At the seashore, you observe a high- 
speed aircraft moving overhead at an elevation 
of 10,000 ft. You hear the plane 8 s after it passes 
directly overhead. Using a nominal air temper- 
ature of 40 °F, estimate the Mach number and 
speed of the aircraft. 


L = М б) 
INK E 


лла = É 
Vt 
Com bing Eqs. land 2 we fain 
сул X 2 smn X 
COS X 


= /0% tt 
Ed 


"ra (уж #85) | = 2 
(40000. ff) 


/ 

м fm 287° 
Fuy ther д 
V = (Ma)e =@ ан 0) = 2278 & 
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11.20 Explain how you could vary the Mach number but 
not the Reynolds number in air flow past a sphere. For a con- 
stant Reynolds number of 300,000, estimate how much the drag 
coefficient will increase as the Mach number is increased from 
0.3 to 1.0. 


Considering air as an ideal gas, we can express the Mach number 
Ma, as 

Ma = У = (1) 

с {рта 

The. Reynolds number | Re, m 

Re = ема = РМа (2) 

| ^^ RTA 
Looking at equations | avd 2 we veason that we an Vary 
Ma while holding Re constant by vawwa V and р only 
With pV held соіаи: 


From the ovaph below we conclude Thot at Re= 3x10° 
the drag coefficient "wexases from 0,47 100.75 at Ma 
increases fem 0.3 to 1,0. 


FIGURE 11.2 The variation of 
the drag coefficient of a sphere 
with Reynolds number and 

? Mach number. (Adapted from 
Fig. 1.8 in Ref. 1 of Chapter 9) 
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11.33 Starting with the enthalpy form of the energy equation (Eq. 
5.69), show that for isentropic flows, the stagnation temperature 
remains constant. Why is this important? 


Starting With Ёз. 5.69 We have 


in 


2 2 : . 
Е м м V i ў - L W 
" er "s a Va + 2 (24 Lin ]- e shaft 


/n het in 
For isentropic flaw the En trop remains Coah]. 
and Qut О. Stag ayan enthalpy is defined 95 
MENO 
2. 
50, Yu negl, ble change wn eleva her, (okey Sor gases) 
and ho sheft work, Woop? then 
V 


ho YOnains constant | 


and since tor an ideal gas enthalpy is а tanehon 
of femperafure only we conclude that constant 
^, means constant stagnation temperature f. 


This constant stagnation temperature provides us with 


а Convenient reference property at every location in 
a specific isentropic lew. 


MEZZ: 


11.34 Explain how fluid pressure varies with 
CrOSS section area change for the isentropic flow 
of an ideal gas when the flow is (a) subsonic; (b) 
supersonic. 


With the help of Ёд. 1).47 We can Comment on how presure Varies 
With Grea change m an dsenfrgare How. From Eg. 1.47 we oblaın 
dp = eV. dA (1) 
Cr Ma 7 ) A 
(a) Ev subsonic How, g./ Suggests that Changes of p Allow 
Changes of A. IF A mcreases, р ihcreas and vice versa. 


(b) For supersonic flov, &./ suggest that changes OF p are oppsité 
0 changes of A. IF A increases, p decreases and vice versa. 


11.35 For any ideal gas, prove that the slope of constant pres- 
sure lines on a temperature —entropy diagram is positive and 
that higher pressure lines are above lower pressure lines. Why 
is this important? 


From the second Tds eg uA To Ё: Eg. //./8 ) we note that tor а, constant 
pressuve line 


db. т 


ds 
and sine fy an Idea/ gas Eg. 1-7 /$ vald , we have 


dh s e dT 
and thus 


(1) 


With £4.! we conclude that the slope of a Constant pressure line on 
a temperature - Entropy diagram is positive . 
Further, tron Eg. [129 we conclude phat 
43 
А. = Ta ر‎ 


Р, 7; І 
tor any isentropic process ana thus higher press ee lines are above 


lower pressure (пех om Temperature - Олло eliaqrapts. Bus information 15 
1 کے‎ 


im portant cause it enables us te ske diagrams Covvectty- 
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11.36 Air flows steadily and isentropically from standard 
atmospheric conditions to a receiver pipe through a converging 
duct. The cross-sectional area of the throat of the converging 
duct is 0.05 f. Determine the mass flowrate through the duct if 
the receiver pressure is (a) 10 psia, (b) 5 psia. Sketch tempera- 
ture —entropy diagrams for situations (a) and (b). Verify results 
obtained with values from the appropriate graph in Appendix D 
with calculations involving ideal gas equations. Is condensation 
of water vapour a concern? Explain. 


This problem is similar To Example 14.5 
The mass Howvate is obtained at rhe throat with £3 . N. #0. Thus, 


() 


ЭР Ay, м 
The throat density be созот with 64. 41.60. Тис, 


s шии, is 
ЛЫГА 1+ (©!) ма, “| (2) 
To determine the throat Mach number we use £g. 11.59: Thus, 


EEE] 2 


The critical throat pressure 15 oblamed with Ёд. 1-61. Thus, 
Lt 


HMM 
=] = 7-76 psia 


Jf the recever preswe р , is ab Than or egual To A 
4 re 2 4 2 
hen p = P ard the flow is not choked. ei Р 
T4 re re 
then p = pt and the tlw is choked. 
th +h 


The veloci ty at the throat is obtained wilh £57. ГЗК and 46 
Combsned To yield 


" (4) 
f, = May [RA 


where 1 ‚с дб ле wifi £2. 11-56 . Thus , 
7, 


à "(у 
(con't 


E 
SP 
H ^ 


/- 24 


1.36 | (con't) 


Fo = } > ¥ r7 y = . 
(а) A a 10 psia Р, 6 psia | 5 lO psia and we use &.3 72 


Calculate. the throat Mach nee Thus, 


40-1 
Ма es] (23 (9.7 Psia ` pes 
+h 140 -1 /O psia Е: МАЕ 


From 63-2 we obra in 1 
L4Yo-/ 


/ 
= (2.35 x10" ву ч 
= [.g907x(0 sh 
$73 1+ (140-1) 00,7429)” -? 
( 2 ) 7 £+? 
From Eg. 5 we get 
y 514% о 
n r = 469.9 R 
/ = /)( 0,7628) 
and with Eg. ¢ 
h Stag. % 7 5 = $06.2 ft 
Sug, ©) и 
sz 


With Eg. / we obfain 


№ = (^02 x10 КУЕ ` ) (206.2 9) = 6.0728 2 


Alternatvely ‚` using Fig. DI with 


B 10 ps m 2.. [bm 
Р, 17.7 piia 
The value of Ma, HM 
Mq = 0:76 
th 
For May = 0.76, we get fam Fig. Р. 1 


7 = 209 )7= (009 Мне) = TR 
Then with ёд. 4 


"ELE 176 l d P 
h, (1 020072) - 505 # 
E sige) = 


7. 
(con't 
t-25 


ER д am ‘be ) 
m = [0.0728 dez T 


(con't) 


lor Ma, = 0.76 we get tom Fig. Ди 


-? -7 
= 0.760 = (0.7 px LY )= /ў xio She 
& (£o = (ож  )(28fxm 22 ) Slug 


3? 
Now, wilh 63.1 we obtain 
Н -3 Stu 
m = (АР xm Slus) 0,08 AZE ft) = 0.076 “YG оца т 
f A Дд 5 7 т ш 5 


x 
(5) n Ac Epis SUP = Ry. Py 276g ани Me £0 From 2 


2 
x ке 
A = (2:38 xto slug ) А fon b 
62 а +1) So Flug 
2 ft? 


from Eg.S we obtain 


D x БИ. a 43155 
74 m frt 
EP, 
ana uth Eg. 4 
4 = 
th = [019 ft 
F 
With E-I we obtain 
T 
№ = (1.509 хю 7$ )(0.05 fi^ foro f) = 0.0769 Slas 2 247 п 
#4? s ———— y — ж 
Alternately , 0 Fig. A. fev Ma = 1.0 


I, = (6.83 )(550) = #1 R 


and 


a ay i 
f= (0.64 ) (2.3000 MG ) = 152 хи E 
th #4? JE 


#4? 
Then wilt Eg. 42 
Vy = 1714 tt. 
M = ], 4 ° 
Slug. اا‎ £? = /020 "y 

Slug. ft 

se 

(con't ) 


ii~ 26 И 


And wilh Eg. / we obtain 


eJ 
h = (7.52. x0 =) oot £e (1o20) = 2078 shear = 
ЕЕ 


Condensation of water vapour is а topi that deserves farther 
Study and discussion . 


11.37 Determine the static pressure to stagnation pressure ra- 
tio associated with the following motion in standard air: (a) a 
runner moving at the rate of 10 mph, (b) a cyclist moving at 
the rate of 40 mph, (c) a car moving at the rate of 65 mph, 
(d) an airplane moving at the rate of 500 mph. 


With a value of Mach number Calculated with 

Ма = Vv 
We Can xS 

E К 

Р, with B y fs 0) Ма? 
For c we use fo parts ab and C 

С = = [(1716 ft-lb 

RTR Tur R | (519 "е 5(1. ) 
avr 
Slug. e) 


É -1 


or 
с = (0117 £) Ey E: 
(Sare f: 761.6 mph 
(4) For V= /omph mi 


Ma = _/0 mph М?Т. 
7612 mph 


and 


(5) Fa v= 40 т 
Ма = т = 00525 
nm 
aud 26 


/ 
ж mm = ¢ 99 
. [ T reed 198 
(c) Fw Ve 65 mph 


Ma = smrt AE ы AP 
UE 


- 0.9949 


"" d 1+ 0, ved 


a 
A d d (тууту | {= 2)(0-0/31 


(1) 
(114-59) 


= 7 ft 
JS 


/- 28 


ar 
F 


(а) Fov airplane we assume a hemina] altitude of | 30,000 F+. 


а Table С.І we note a Cowes ponding temperature of - #783 F 
en 


"M (mé зың CC47.93 + 9607 10-4) 
slug R 116 
7 * shag, fF ) 
<> 
С = 995 f+ 
S 


с = (995 т a = 678 mph 
(S260 a 


mph 
Toda йу? 


678 mph 
if 


/ 
= [ ا‎ s 
/ 7 02 (2:138) 
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11.38 The static pressure to stagnation pressure ratio at a point in 
a gas flow field is measured with a Pitot-static probe as being equal 
to 0.6. The stagnation temperature of the gas is 20?C. Determine 
the flow speed in m/s and the Mach number if the gas is air. What 
error would be associated with assuming that the flow is incom- 
pressible? 


To determine the thw speed and Mach number having been given 
the static pressure to stagnahon pressure ratio, £ , and 

. Li % 
stagnation temperature , АЕ Tor а we enter fig. D.1 ' with 
the given value of а and read the 

Corresponding Dum of Ма. hus wilh Ё = =06, the 


corresponding value m Fig. Ol is 


For Ma = 0.28, Fig. D.1 gives 


L 0.9 
РА 
and thes 


Ta F, т = (0.86  J2(243&) = 252 А 


Then 
Y= (Маус = Ma [RTR = 089 |(286.9 Мт(252 КМ. 
? С 49. аы 
Or pr 
ү = 283 m 


Inspection of Fig. 3.24 suggests that fw this Mach number 


level, the error associated with assuming that the thw 
15 in compressible Woulo be unacceptably large . 
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11.34 The stagnation pressure and tempera- 
ture of air flowing past a probe are 120 kPa (abs) 
and 100 °С, respectively. The air pressure is 80 
kPa (abs). Determine the air speed and Mach 
number considering the flow to be (a) incom- 
pressible; (b) compressible. 


(4) Assuming incompressible tow we use Bernoullis egualian (8.3.7) 
Jo connect the stthe and Stagnation states and get 


И = 2 (р, -Р) 
fo 
Wilh the ideal gas eguaton of Sake ( Eg.4) we otn 
= f 
[^] RL 
ana combining £35. l and 2 we obram 


@) 


(2) 


И = 2(B-P) RT 
5 


2 [120% #44 (abs) — 80 AA nt )] ( 265.9 Aum amt 873k) 
[zo E A 2 


Ж 


= 267 


Mach number we need 
= V (3) 


[еге 


Ja determine T we use the esuation of matron (6.1.51) abun 


p> Ge EOE) „ уңы Gr EO (1 LN.) 


2 RR ZOLAN reece Ме) 
* T =- Sk у^ 


0597 


| 
| 


Сои") 


With 68-3 we obtain 


m 


Ma = Li 0.725 
(286.7 м.т е 4) 
$2. 


íi cB 


(2) For compressible flow 


Р #о &#а{ abs) 
Р =  ————— = 0.67 
a /20 kha (abs) 
and from Fig. р. we bead 
Ma = 0.78 


Abo fam Fig. DI we vead 


I = 0.84 

7 
and thus 

T 2(0.4  )(373k) = 332 EK 
Thus , 


V = Mal/RTR = (0.78) 332 к)(1.4) 
ty. К £K I. 


25. т 


ھک 


1-32 


лғ | 


11.40 Тһе stagnation pressure indicated by a 
Pitot tube mounted on an airplane in flight is 45 
kPa (abs). If the aircraft is cruising in standard 
atmosphere at an altitude of 10,000 m, determine 
the speed and Mach number involved. 


For 1/0, 000 m standard atmosphere we ger trom Table C.2 


26.50 #4 Cabs) 


F = 
and 
T = 027 /M 
Thus 
Р 2 26.50 k (abs) _ 059 
c 45 ЖА (405) 


and from Fig. D.4 we read 


Thus 
/= (Majc = Mal/RTR = (04 ) per ees 


105. т 
TI 
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*11.42 An ideal gas enters subsonically and flows isentropically 
through a choked converging-diverging duct having a circular 
cross-sectional area А that varies with axial distance from the 
throat, x, according to the formula 


А = 01 +a 


where А is in square feet and x is in feet. For this flow situation, 
sketch the side view of the duct and graph the variation of Mach 
number, static temperature to stagnation temperature ratio, T/To, 
and static pressure to stagnation pressure ratio, p/po, through the 
duct from x = —0.6ft to x = +06 ft. Also show the possible 
fluid states at x = —0.6 ft, Oft, and +0.6 ft using temperature – 
entropy coordinates. Consider the gas as being helium (use 
0.051 = Ma = 5.193). Sketch on your pressure variation graph 
the nonisentropic paths that would occur with over- and under- 
expanded duct exit flows (see Video V11.6) and explain when 
they will occur. When will isentropic supersonic duct exit flow 


This is like Example //8. vd 
5 ince 


З (1) 
т : 
.1 we can determme г Values corresponding to values of 
йге Summarized in the graph and tables 
choked, 


= 01 ft 


= + х @) 
А* 0.1 | 
With 6.2 we can determine A. values cove sponding To values of х. 


* 
These A values ave tabulated 
A* 
Бу helium we enter program IS ENTROP wilh R=466 and with 


Ma values within the range specified (n the problem statement and 
Obtain values of A (63.1271), х (€9. 2), 2 (64.16) and 
o 


E (ens). These values arc tabulata and graphed on 
pages that follow. 


(con't ) 


рар» ISEN TROP with R=166 


M EP т £2 DE cia sae 
a =, t £ 
А* ii n f State 
o 


subsdnic solution 


11.00 0.19914 0.99799 a,c 


0.0 76 7.43 +080 0.99809 0.99522 
Mes 462 + 0.60 0.99503 0.98755 
. 2.61 10.40 0.40385 0.95989 
0.460 1-40 1 0.20 0. 93473 0.94326 
/, 00 1.00 О 0.75188 0.489 08 b 


Supersonic Solution 


18655 1.40 0.20 0.46827 0. 14833 
2.778 2.60 0.40 6.28195 0, 0414 
3.647 4.60 0.60 0.18556 0, 01446 
4-442 740 0.80 0.13282 0.00624 


5.143 à 0.10102 0.00313 


кин of e iss v o 
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(con't ) 


1-42. 


маф» 


Variation of static dempe rare. ж staqnatian temperature 


tor helium 


of static pressure do stagnation pressure ratio 


fov helium 


Variation 


(con't) 


ll- 36 


u 92 | (con't) 
| ! 


Temperature entropy diagram ty helium 


(con't) 
1-2% 


//- #2. 


(con't) 


Over- and under-expanded duct exit flows will occur on 
approximate paths sketched on the magnified pressure variation 
graph below when the ambient pressure of the surroundings into 
which the duct is discharging is respectively greater than and less 
than the flowing fluid pressure at the duct exit. This illustrates how 
the flow adjusts to these pressure differences through oblique 
shock waves that involve irreversible and thus non-isentropic 
flows. When these two pressures are equal, the flow 1s "ideally 
expanded" and the flow into the immediate surroundings is nearly 
isentropic. 


over-expanded 
ie ly-expa n ded 
: ии деу - expanded 
0 
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*11.43 An ideal gas enters supersonically and flows isentropi- 
cally through the choked converging-diverging duct described 
in Problem 11.42. Graph the variation of Ma, Т/Т, and р/р, 
from the entrance to the exit sections of the duct for helium 
(use 0.051 < Ma < 5.193). Show the possible fluid states at 
х= —0.6ft,0ft, and +0.6ft using temperature-entropy 
coordinates. Sketch on your pressure variation graph the nonisen- 
tropic paths that would occur with over- and underexpanded duct 
exit flows (see Video V11.6) and explain when they will occur. 
When will isentropic supersonic duct exit flow occur? 


This is Similar to Example 449. 

This problem involves the duet of froblem ir- . However the 
flow enters suypersonically. We can use values trom the tables 
of problem Iı with a litle rearrangement to account for the 
Supersonic enteving flow. 


Foy helium we have 
From Provan ISENTROP with R= 1.66 


E RE &G.2 of ht- алаа 
ма. A dp g 
A* о 
supersonic Solution 
-[.00 0. 10107. 0.00313 
— 6.€0 0.13282 0.00624 
- 0.60 0.18556 0.01446 
= 0.40 0.2.9145 0.0! 
-0.20 0.46327 0.14833 
2, 0.15188 0.48808 
0:20 0.46917 0.19933 
0.40 0.2819S 0.014! 
0.60 0.16556 o- 01446 
0.80 0.13282 0.00624 
1.00 0.101022 0.00313 


stale 


Р 
5 


Subsonic Solution 


0.20 0. 93473 0.99326 
0.40 0.98385 0-95989 
0.60 0.99503 0-98 755 
0.80 0.99804 0.29522 
1.00 0.39914 0.99784 


Сои) 
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11.93 | (con't) 


| EACL | 
юр | EEE E 
EEE E | кү| ~ | UE 
HH Fri [| ЕРЕЕН 5 H Ir 


pm men 09 R2 a ez ak 06 "EL еМ 
ЕРЕЕН НА еен ЕТЕН HELA HER 


Variation of Mach number fr helium 


is EIE ca ch 
Vario of Static demperafuse Р" ‚йы Me Yatio 
fov helium 


(con't) 
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| 


rrr ise 


diagram vv hellum 


0 


Т-$ 


Variation of stahk pressure to stagnation pressure ratio 


foy helium 


(con't) 


fi 


а 


(con't) 


Over- and under-expanded duct exit flows will occur on 
approximate paths sketched on the magnified pressure variation 
graph below when the ambient pressure of the surroundings Into 
which the duct is discharging is respectively greater than and less 
than the flowing fluid pressure at the duct exit. This illustrates how 
the flow adjusts to these pressure differences through oblique 
shock waves that involve irreversible and thus non-isentropic 
flows. When these two pressures are equal, the flow is “ideally 
expanded" and the flow into the immediate surroundings is nearly 
isentropic. 


over-expanded 
ee iml ly-ex pa n ded 
under - expanded 
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11.44 An ideal gas flows subsonically and isentropically through 
the converging—diverging duct described in Problem 11.42. Graph 
the variation of Ma, Т/Т, and p/p, from the entrance to the exit 
sections of the duct for air. The value of р/ро is 0.6708 at x = 0 ft. 
Sketch important states on a T—s diagram. 


This is like Example 1.10- 
А 5 * е 
Since га = 0.6708 at x=0 is qvreater than £ = 0.5283 fov ау 


the air flow through the converging- diverging 


duc! 15 not choked. Њу values of me a! different values of x we 


obtain corresponding values of Ma, 1 Sw 
(a) Foy am we enter Fig, p.! with values of 
and Е . Fo A? we use 


о 


A* 


m» A 
ЎА 
яз) " 
evaluated at X20 wheye А = 01 ft. We dekrmine A 
Fig. D.I For the subsemc flow value of Ё 


e 


We then def mine the 4 variation throvigh the duct wit. 


A. хот Q roy (1) 
AF 4* 0.095 


Ihe cov responding values of A ‚ Ma, T and Р tm 
. A* 7 6 
Fig.D.t ave also tabulated on the next page. ° 


PETS 


Ku АЙИН 
Fig. D.I 


Witt 5.1 From 
х (f+) 2 Ma £ Р state 
To h 
-1,0 1.6 0.05 0.99 0.99 2 
-0.® 78 0.08 0.99 0.99 
-0.6 4.8 0.12 0.99 0.9% 
-0.Ч 27 0.22 0.99 0.966 
-0.2. LS 0.44 0.96 0.87 
0 1.0 0.78 0.39 0.66 b 
0.2. ILS 6-44 0.76 0.97 
0.4 25 0.22 0.99 0.46 
06 43 0.42 0.99 0.99 
0.8 7.8 0.08 0.99 0.99 
1.0 11.6 0.05 0:9 0.99 z 


0.6 
[1 


| фа dde mole ela [Ф| em 
Г | | | | | | f | ] I" x(ft) | | 
| Í B Е i 1 | , { 
Variation of Mach number fn air 


‘dito dag рдн teal 1110 ae oy 
EEE HEH GRRE HE RH In | 
Variation of  sfafic temperature to stagnation temperature ratio 
hy air 

(con't) 
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t) 


Li 


". 4 | (con 


m 
Еч 
LE 
E 
Q 
$ 
5 Ф 
Ы 
if 
i‘ 
б. 
N 
9 
$ 
A 
| 9 
g 
АУ 
O R- 
м, 
i3 


diagram ter air 
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11.45 An ideal gas is to flow isentropically from a large tank 
where the air is maintained at a temperature and pressure of 59 ?F 
and 80 psia to standard atmospheric discharge conditions. Describe 
in general terms the kind of duct involved and determine the duct 
exit Mach number and velocity in ft/s if the gas is air. 


To determine the duct exi? Mach number , Ma 
Eg. 11-59 or fe air, Fig. 2.1. Thus, 


Ma 


exi} 


exit 2 we use 


Ov fw ат 
E ; Value Af func f of 
Ma, i Fig. D] Valu 4 funchon 


To determine exit velocity, A , we use 


Veo is (Mas, TE 


Р exit 
where 
7, 


Texit j Ж (£e. 


or fr aw 
= 7 (Tens : 

Ts o L Value fum Fig. D. Xv Mot 

14.7 psia 


= 0.1838 
Go psia 


Fig. Det, the Corresponding values are 


= 0.62 
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1.45 | (con't) 


Then with Eg. 5 we оёт 


т. = (519%) (064 ) = 322% 
exit 


and wilh Eg: 3 we Cunclide that 


Kus c 03) / (17% de pir ips = 158o f! 
Slug. R ГЕ m 
3/ug. 7 ) 


A converging - Diverging Nozzle іг véguived because (he exi? 
Flow is supersonic. 


11-47 


Í 1-46 11.46 An ideal gas flows isentropically through a converging- 
diverging nozzle. At a section in the converging portion of the noz- 
zle, A, = 0.1 m?, p, = 600 kPa(abs), T, = 20 °С, and Ma, = 0.6. 
For section (2) in the diverging part of the nozzle, determine A2, p>, 
and Т, if Ма, = 3.0 and the gas is air. 


To determine A, we use £Q.ti.7) or fov air, Fig. di Thus, 
+1 


=) Ea [. ı t (f ) Ma ү 
A* Ma tthe 
А, = A, €— | = A, 7 (het ) =. й) 
А, T / (Act) Ma? |t) 
e) LE 

SEL. CONES" 
(Fig. D/ value of 2; for Ma, ) 


%3 ® is 


(Fig. D.1 value oF A for Ma, 
To determae Р we use ie 59 or NU ts Fig- D. |. Thus, 


: [7 + az) Ti 
ov for air, 
P ^ P * D. / Value of ج‎ Tov i (4) 
2. 1 


(Fig D. value of Fi for Ma, ) 
To determine T, we use £3. MU. SE or ter air, Fig. D-/, Thus, 


„ (2) Lu J Uer 


@ CI 


(5) 


OY fov air 
r= T (Eie. D.1 value of > fw 2) (6) 
gu 1 ee 
54.2 leads + (Fig D.{ value of Я fo ма, 
A, = (01m?) 43 `) = O86 n” 
са.ч leads to (^ j 
" ^ 
= / 600 KA (asc )] ne = 23 ÁA(«i) 
0.7 — 
and &].6 gives 
т = (Фк) (63€ 7 _ nse 
(293 ) NIMES 


— a 
11-47 
[597 |. 
11.47 Upstream of the throat of an isentropic converging— 
diverging nozzle at section (1), V, — 150 m/s, p, — 100 kPa(abs), 
and T, = 20 °С. If the discharge flow is supersonic and the throat 


area is 0.1 m?, determine the mass flowrate in kg/s for the flow 
of air. 


We determine the Mach number af section(i) with 


— ж V, 
Ma, v ci = „ылы (i) 
i С 75-1 
For the gas »уоуей itis likely that Ma, is less than 1.0 


because U is low. Thus, the flow at the Throat is choked sme 
the ¢nlering How is subsonic and the leaving flow is supersonic, For 
mass tlowvale we use EG . M. 40 +o obtain 

е ¥ 

т = / A* y* (2) 
For throat velocity, VF we use 


pts | KT*f (3) 


To обњ T' we use Eg. 63. Thus, 

уа Im (o 2 
or for ак, 

zr Еу (value of frm FI9.0.1 fa Ma 246) (5) 


о 


Jo defermme T, we use &g-U.56. Thus, 


p g E 


(6) 
оу for air 
T ox 
(vale of T kem Fig. реу for Ma, ) (7) 
(Céon't) 


П 9 


RT* (2) 


we use EG. 11.61. Thus 


£ 
г d “ر‎ (2) 
or tor alr, 


x 
= val f 
P P, (value 0 = 
For 2 we use Eg. /.&9. hus 


p = p [1 (+) мр | 
ar for an 


T sms Fig. Dl f Ma 9 L0) (10) 


2 
ё. 
R- 


Р, 


lue of Ё ; 
(value of f бе Fig. D1 ма) 


(а) For air we use Eg.) 4» obtain 


Ma 
286.9 ^" (243< yj. ж 


Thus the How is choked at быы throat. Hana £2. 7 we obtu Yo 
corresponding value й Fig.0.1 fop Ma, = 0.4% 
2 
a = bii NS = 2305 K 
| (20% ) 
Wilh Z. we obtain 


(305 к) (0.93733) = 254 k 


mur v: (254 EJ) 4) 
(? t. 
7» 


(con't) 


n9 


(con't) 


Fron бр. 12 we Obtain with the help of Fig. Р. 
100 kPa (abs 
و‎ Aoc T йал 
2.87 


me wilh 67.10 
pt = [115 Ат) ] (0.562828) = 60.8 та) 
Then with &. e 


АЗ (60.8 хо" & ) 


2 


(236.9 Мт jest K) 
, 45. K ; 
p wilh £3. 2 we Obran 


m = 6.83 4 (0.4 a 


Finally 


/[- 51 
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11.48 Тһе flow blockage associated with the 
use of an intrusive probe can be important. De- 
termine the percentage increase in section veloc- 
itv corresponding to a0.5% reduction in flow area 
due to probe blockage for air flow if the section 
area is 1.0 mê, Т, = 20°C, and the unblocked 
flow Mach numbers аге (a) Ма = 0.2; (b) Ma = 
0.8; (с) Ma = 1.5; (4) Ma = 3.0. 


We want to ascertain 


7 =- Vbi 
гске unblocked x 100 
enl НЕ 


To determme the unblocked area velocity , И аеро, we use 


- R 
rE aT = ae @ ) 
For тадан а оа » 
7r / Т fron E9. 156 % М к @) 
nbc "í ( 7 for Oakey 2 РИТ 


72 dektymme he Шола aves velotih, , Ame у we uar 


Volockest ~ i Te [JK 7, "n. (3) 


For Ма лее we use АИхш# and Ccdekvrrire 
¥ 
Мл, fr» Ef- (1.74. 


Soma oF 
23. (70 for Ma yy, ЖЕ tim Ablocked Fegu Ires ral and ерту. 
At 


Jo determine A blocked we ser 
¥ 


Ableked _ 0,995 Aanblocked (4) 
A* д“ 
We obtain Дий fm Eq. 1071 wilt, the gen vale oF Ma = 
4* | on 
Jo deleymine Тода Wwe use Eg. 11-56 Yo ofan 
Meus “Gee (5) 
bl n e 
^ Y (t) Mai pon 
(con? 


ASE 


//.48 (€on't ) 


(a) For ЕЕ, 0.2 we ooh with Eqs 2 and 1056 
"60d, 
Z. = , 7۹20 = i 
Ий ы 7 (273 2(0.97206) = 290.7 K 
Then with E5- / we bae 
= M. 
TTE = (0.2) (286.9 е а С А ктү f 
We use &§.% and ].7/ f» get P et 
4e lock 
= S .9635) = 2.949 
o 021109 J 02 P 
ana wilh &3. I^ 2/ we obtain 
Wilh €$- E we gef 
» zîk Ы 
УУРУ, ` — s = 29066 


dis disi 0.201 ч 
Wilh &.3 we have * t ) 


М.т 
" = (ого) (м, pa) о = Фут 


and ea) 
(лд ~ Маа) x100 M NL. - @# “Уой „оуу 
ыйы СРР т Е 
(b) For Ma = 0.8 we оба with E452 ома 1-56 
LN ES (293k )( 0.88652) _ 2578 K 


Then with 68. / we get 


лара = “= үт zs Z JESTER = 257-4 т 
m 


we use Egs¢ And 11.7/ = 
Ablocked ath 995 ) (193823) = /037 
At 

Gna wilh Eg. 1L7/ we obtam 

With £g. s we get 

= Ss НЕ = 259.8 © 


{== 4-1 ye. 83) 
(con't) 
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A ocka sl 


[nge | (cnt) 


With Eg. 3 we have 


= (0-2 96.9 Мт (259. )( 1. = 462./ m 
locke (2.33 ) |/ Ê EE pin 


and A5. = 
(Va = дна н 100 = bay 2 <- 258.4 2 ) (100) = 143 24 
cn (258.4 т s 


(C) For Ma = & we dbm wikt, 5.2 and 11.56 


T bistik -(243k)(7.66$945) = 202./К 


hen witt Eg. / we get 


= | (246.9 ET. 
Ur cup c m (26. ET ALL NUI 222. і дЕ ССР deed 


г 
We use E3s.4 and 17-71 Ф get Рт m 
С.а = (0.915 11742) = 413 
4 
And with Co. 11.7) we Obh 
M. x 1.47 
Nb locked l / 
With 69.5 we get 
ocked REN ove) 


Wi thr Єз. 3 we have 


(SOO € oU) j (286.9 gs TP E FA 2 425.5 т 


a) 


А = 
Crue, ~ Yen blocted ) x 00 = (025.5 # ~ 427.4 2 Yoo) _ ощ, 
ane 0274 £f 
(d) For Ma = 3.0 we obtain wilh E3$2 anol [1.5 


Тао 7 (293&)(0357M) = [AEE 
Then wilh EJ. ! we gef 


ышы = Go) үг” кє eee -—— 


(con't) 


It^ 54 


(con't ) 


We use EQ 4 andi/.7! 


A stocked = (0.995 )( 42346) = 4.213 
Ar 
and with EG. 71 we sbtam 


M - 
ТЛ 2.995 


Wilh 65.5 we qet 


y x 293 K 
blocked —— H Te 


I + 4-1) 72,995)” 
Wilh Eg. 2 we hae ` 


۸4 = (2.995) (286.9 tr еко) 


P S 
and s. 2) 


Ma dea — eL diu X00 = (6149 2 - 619.4 m Xo) m 5043 


(611.۹ 2 


—— 


Lt blocked 
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11.49 (SeeFluidsin the News article titled “Rocket nozzles,” Sec- 
won 11.4.2.) Comment on the practical limits of area ratio for the 
diverging portion of a converging—diverging nozzle designed to 
achieve supersonic exit flow. 


From Fig. D./ we see that the A/A* vs. Ma curve becomes 
Very steep with increasing values of Мк (/ very large increase ın 
A/A* needed +o achieve even Small gains wn Ma /evel) 
Suggesting pre cal lim ts Yo area divergence rah 
rs nechal devices. Fev example, Us ing £3. (77 ر‎ he 
А/Д * divergence rafio needed doo Ma = 5 is 345 / 
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11.51 An ideal gas enters [section (1)] an insulated, constant cross- 
sectional area duct with the following properties: 


Po = 101 kPa(abs) 
Ma, = 02 


For Fanno flow, determine corresponding values of fluid tempera- 
ture and entropy change for various levels of pressure and plot the 
Fanno line if the gas is helium. 


This is Similar ТО Example ////. For Fanno low of an 
ideal gas we use Egs. 11.75 and 11.76 Jo establish the 
Fanno sine states. Thus, 


Tr GT 7 й) 


$ 2) 
5-5 = 6 (2) - Rin Ё) (2) 


Arm 
For helium , k= 1.66 Gna R= da^ Мт ((Tab/e ^?) and С р = 5229 uem 
from Probie [1.1 €) . We К... “the constant me of 
ev ey саси (аид jo, with the ideal gas eguahon of slak (€§.3) 
ana V, with ёр. 4. For T, we use Eg. 1.56 To obfain 
4 


ps: f Ek I m up 
2 = 2 
PELEA Ht, (t (14 Noiz) 


Then, wilh Eg. 4 we obtain 


ym 4 = Е 
И = 0.2 (2077 и uie kK) (1-66) = mom 


hg. т 
Fov Р, we use EG. 1.59 to get s> 1.66 


166- 
= А k- И | 
57 ^ re maz] е Ло kataia | EDL A шш 


and with Ед. 3 we obtain 


? м 
A (17.72 x10 Ж = 0.1627 Ж 


2077 г” " fk) m? 
Thus 2 value oe p^ is 


& 
627 Á 199-7 m F207 = 
= Osea) ы ITE) a) m 


11-5 Ӯ 


con't) 


Eg. / becomes ty heliuna 
2. E 
БА = 2924 


Кы: za e pt 


(2077 ^ Frai 


ye T> 
74 4.358x/0 L = 293 (e) 


p? 
Where T i$ in K and p is im ^. 
^ 


Eg.2 becomes fe helium 


S = (S204 и Nm s Jaf T E -(2077 Сы! (1) 


| 22?.2K 
where T GS m 4 anol P کا‎ 4n Ra (abs). 


With EGS. б and 7 we comstuct the table of Values Shown below 


P [Rebs] T CK) gas, c» 
70 286 630 á 
60 293 405 
50 279 1210 
40 273 1550 
30 260 1400 
ZS 2.50 2060 
20 234 2119 
I8 225 2200 
/5 2.09 Zits? 
/0 164 (923 
? 147 1650 


300, 


200 
TK) 
/00 
0 
0 500 000 1500 2000 
5-5, ( hem N- m 
+9 К & 


/4.$2 


11.52 For Fanno flow, prove that 
dV _ fk(Ma%/2)(dx/D) 
V 1 = Ma? 


and in so doing show that when the flow is sub- 
sonic, friction accelerates the fluid, and when the 
flow is supersonic, friction decelerates the fluid. 


Starting with Eg. ff. 45 we have 


+ (^ + * Ma?) dv?) — o (Ma?) + £k Ма? 2x - 0 б) 
и? Ma? 2, 2 


From €3.11,99 we have 


d (Ма?) 2 л + (4:1) maè | (2) 
Ма > y* = 
Combining Egs, ! and 2 we obtain 


L (1+ ма?) aw" - [1+ (he!) m f 1e 2. £4 меб: 0 (3) 
or 


Jii.) dS uu FE ма? e 


jp D 
and 
d(v*) . Ма? FK dx (4) 
ve ( Ma-1) D 
However 
dv’) = 2vav (5) 


Рм ; combining Eqs. 4 and 5 we get 
MW. ЕС) Ӯ) 
P /- ма? (о 
When the Flow is subsonic С Ма<го) ёд. 6 leads to Pi = + Gnd fhas 
fricfhon «cceltvaks the Ўйма. On fhe olke hand when the Mow 


js supersonic ОМа> 10), €g. 6 leads fo СИ = - ane s this Case 
v 
frichon decelerafes the Plaid. 
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11.53 Standard atmospheric air (Т, = 59 °F, | the values of static temperature, static pressure, 
рь = 14.7 psia) is drawn steadily through a fric- | stagnation temperature, stagnation pressure. and 
tionless and adiabatic converging nozzle into an velocity at the inlet [section (1)] and exit [section 
adiabatic, constant cross section area duct. The (2)] of the constant area duct. Sketch a temper- 
duct is 10 ft long and has an inside diameter of ature-entropy diagram for this flow. 


0.5 ft. The average friction factor for the duct 
may be estimated as being equal to 0.03. What 
is the maximum mass flowrate in slugs/s through 
the duct? For this maximum flowrate determine 


This js Similar Yo Example ///'2. AS explained m Example 11.12, 
the maximum #lowrar through the duct will occur when the 
Constant? area duct chokes and the Mach number at the sucf 


exit | Secfron(2) ] is 1.0. The maximum Howrale can be obfaiied 


wilh А 

m = A4, V, =A 4 16 a) 
We note that T, is Constant throughout Fhe entre flow Since 
the fow is adiabatic. Thus, 7, , = La = 5/9 44. Abo, p is 


Constant in the converging 2037e but decreases Farough The 
constant area duct because Of Pichon. Thus TE a /9. 7 Psia- 
Fev choked flow 


C) a SO v ken i 


D | 0.5 £+ D 
and from Fı9.D.2 


Wwe Can read values of Ma, 7 v, ? 
> Feo peo Band fy, Then 


7 Can be obfaineA wilt 64. RES Bice. AC as bubus Thus 


COE “(же TO = pre- д 
Gnd ү*= V can be dehymined with 


PP И R7*e 


(17/6 £ oe. 7%. UII 1-4) 


CE, ) 


Slag, 


(con't) 


H- (O 


//.53 |. Кору, 


> 
For £00414 0.6, from Fig. D-2 we vead 
2 


Ma, = 0.57 


= 4.43 


XIN 


0,6 


N [к< 
Ж 
^ 


1.86 


Ш 


p" se 


= /.22. 


ad 
X 


From Ёў.2 we get 
= (113 (4322) = 4ER 
Witt &£3.3 we obtain 
= (0. +) = 6/2 ff 
(0.6 (1020 £t) ue = 


With £g. 5 we have 


Р‏ جر 
x Ba a 14:7 psia fila „ 12. psia‏ 5 
= 


Aia — /.22. 


To determine р we елі Fig. Ou with 


âna ёа 
= (0.8 N47 psin) = 11: 8 psia 


with 65.4 we obtain 


atep EL. = DIPL „ зе pil. 
1-86 /. #6 
Wife Ep. / we have 
№ = АЦ = 2 тё, <= 


Pozinapsia RT, F 

T,=579°R 

=Т= YIB R 

Re ТЕРУ “+ . 
1 A) Р ч 6.34 psic = p* 
Fanno 7, 
sketch 4 
(not а $«ale) ^ 


= 432% 2 7 


/1- 6] 


х 2, 
M8 psia Ж A Jr 6SH Kett) 
(176 x S E e 2*2 (4) 


(2) 


(3) 


(4) 


(5) 


0.57 and read 


I. $4 


11.54 The upstream pressure of а Еаппо flow venting to the at- 
| mosphere is increased until the flow chokes. What will happen to 
| the flowrate when the upstream pressure is further increased? 


Fanno tlw 


Combining we get 
М Р Me р [т, k = mda 
۷م‎ — 1 2 
ке | recie 
It =a 


So ter any one axial locaton ot the fiw wheve The 


Ma level is The Same | 7, is abo the same but 


p is higher. Thus pV is abe higher and we 
(елеби that ereas ing the inlet press ure of a choked Fanno 
firm ml the «мире vetu m an increase of рейс alte 


Following the proud of Example //// ane ented 
plot a Series of Fanno liner Lo dithered valer of 


hcreaasd inkt pressure . 
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11.55 The duct in Problem 11.53 is shortened by 50%. The duct 
discharge pressure is maintained at the choked flow value determined 
in Problem 11.53. Determine the change in mass flowrate through 
the duct associated with the 50% reduction in length. The average 
friction factor remains constant at a value of 0.03. 


This is like Example 1.13. We guess that the shorttnéed duct 
will still choke and check our assumption by Comparing p, 
with p* Lf ру = Р T the flow is choked. Lf not, 
another assumpfhion must be made. For choked flow we 
calculate the mass Ylowvafe as we did m Example /1./2 
Ov ж The solution of problem 1.51. For unchoked flow, 
we must devise anofher Strategy, 

For choked flow 


£ (4-4) _ (0.03) (54) du. £ü4-4) 


D CoS £7) D 
From Fg. 0.2 we read 


With Ma, = 2. 66, we epjer Fig. D./ and read 


Thus | 
AZ 2z(0.75 )( M. 7 psín ) x ^ Pore 
(con't) 


/- 63 


(con't) 


and with €%-3 we obtain 
// psa 


PSI‏ 644 = سے 
1-6 1.6 


Since 
4 26.9 psia > e = 6.34 pole 
The flow is choked аг assumed. 


can be obtained with &g./1.63 sice T, is constant. Thus, 


= jr = (5 aras + ¥72°R = 7 
f 4 +1 


* 
И сл» be def»»mneel wilt 


1716 ft. lé pien = ("92 


ff 
slug. 5 % d 3 /020 F 


Slus, T» 


. 2 2 
= 6.96 psia) (194 © ) 2 LoS E) бого 4) 
2 = А £ft “Gy s 


singe )( 13276.) 


mass tlowrate iS 


m Р: 
к 0.268 ur _ 0.294 ate 
x /00 - S (оо) = $97 


T ZI" 
The mass Hlorwvrak tacreased by Q.92, when fhe tube was 
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11.56 If the same mass flowrate of air obtained in Problem 11.53 
is desired through the shortened duct of Problem 11.55, determine 


the back pressure, p», required. Assume f remains constant at a 
value of 0.03. 


This is Similar To Example 1.194. Since the Same mass 


flowrate achieved m Problem 11:51 is desired with the shortened 


duct of Problem 1153, we need te achieve the value of Ma, 
Obtamed in Problem 11.51. Thus, for the Same value of Ma, as (^ 
Problema 11.5/ we have 


X s os 
D 


lower, 


(4-5) РОТА) £06) 
D 


FLEES y 
2 
Wi th £(£*5-4,) = 0.3 we entier Fig. D2 ana read 
D 


А, Eni 2 


The value of P" jüfained tr Problem 11.53 is still valid, 50 
р? = 648 pio 


ant wilh Ey./ we get 


RE =(46 M98 psia) = /1 psia 
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11.57 Ifthe average friction factor of the duct 
of Example 11.12 is changed to (a) 0.01 or (b) 
0.03, determine the maximum mass flowrate of 
air through the duct associated with each new 
friction factor and compare with the maximum 
mass flowrate value of Example 11.12. 


(a) for {= о. ог we have 


ТОЛ ж) E (200) ( ат) _ 4 
2 lm) 
and Ол Fig. D.2 we redd 


Ma, = 07 ДУ, 
hb a 
T* pu (2) 
V ex 
ye = 028 
Fram Example 11.12 
7^ = 240 к 


and 
vt = 3/0 m 
Ay 
/ 


Thus , with Eg. 
TZ =(1_ (290) = 264k 

and with Eq. 2 we obtain 
Y= (олз )(зю т) = 226 г 

То determine Р, we enter Fig. D-/ with Ma, = 0.7 and read 


"i 
Р 


2,1 


Thus, 
p, = (072 )По А (ав) ) = 72.7 kf (abs) 
To determine the mass flowrate we use 


=. 72 


epus E TAY = батн) наб Ф) <17 f 
eae RT, 7 П д. M. т === 
7 286.7 RR каш, дыы 
(con't) 
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1.67 (con't) 


Por f= 0.03 we have 


f(4*-4) _ (бооз)(2=®) об 
D n (0.1m ) 
ond on Fig. D.2 we vead 


Ma = 0.57 
T 24/3 
7 & 
yt 
Thus, 
т Gig Jews) = ТЕ 
V = (0.6 WET 2)- (£6 т 


From Fig. D.1 we read for Ma, = 057 


p= (ов [lo RPalats)] = 80 (abs) 
To determine (m ше use 


Hy. 8 Р T D V = (pi x10? Z J) (0.1m) 086 F) ` 


RT, 4 ue 


“| № 


286.4 NM үз 
| ( um 271k 
The maximum (choked duct) Hovrates for different values of £ ave 


m = 1.70 a9 
f = 0.01 5 

m = 165 f3 
{= 0.02 > 

т = 152 9 
£ = 0.03 S 
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11.58 Air flows adiabatically between two sections in a constant dant р 
area pipe. At upstream section (1), po, = 100 psia, То, = 600 ^R, Constan e E 
and Ma, = 0.5. At downstream section (2), the flow is choked. Es- con, тале 
timate the magnitude of the force per unit cross-sectional area ex- === === | 
erted by the inside wall of the pipe on the fluid between sections 
(1) and (2). 


tlw берм (1) fo (2) 


The control volume sketched above is used. Applying the Axial 
component of the linear momentum eguation (69.5. 22.) to the 
contents of this contro! volume we get tor the force exerted by the 
pipe wall on the fluid, Rz, 
R, = BA-pA + m(v- 
Or 


A = Р = PF PY (4-4) й) 


йиз we need р, р, p, V, and v, 
(a) For ат we enter Fig. 0.1 with Ма, = 0.5 and gef 


Lo. 0.95 
To ı 
and 
E 4 0.84 
fı 
Thus А 
= (0.95 (600R) = 57050 
ion 
= (084  )(mepsa) = 77 psia 
Ma, |/ O.5 716 fte aa. а 
RT, & 6.5) ( dc ga 535 Тї 
gb. =) 
er = (тч psia J(144 im -— ze, 


RT, (1716 Fle uy, ) 
slug. 4 


(con't ) 
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At sechon (2) the flow is Choked. Thus we use the ж state of the 
Fanno thw, Fig. D.2 hr sechon(2)- Entering Fig. D.2 with Ма =0.5 


we read 
A 2:4 = Ё 
Pr 
and 
Mi. 654g = M 
y* V 
Thus А , | 
e Bee hs м psia 
2ч (елй ) 
and 
y= И (58) ngo f 
0.54 (0:54 ) 5 
Now wilh £4. / we have 
Rx =(84 psia.)(144 m). 31.4 pria (144 in? 
A @ J£ ) ( F- a )( & ) 
+(0.0124 slug ) (585 f? |505 ft_jogott)/) te 
and ( is )É 5 J 5 f Де») 
RK _ 2930 h 
A ج‎ б? 
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11.59 Cite an example of an actual subsonic flow of practical im- 
portance that may be approximated with a Rayleigh flow. 


The thw throug А the combustor of a gas tur bine 
engine is Sometimes approximated with a Kayleigh 
flow. 


/1- 70 


/1.60 | 


11.60 Standard atmospheric air [7, = 288 К, 
ро = 101 kPa (abs)] is drawn steadily through an 
isentropic converging nozzle into a frictionless and 
diabatic (9 = 500 kJ/kg) constant cross section 
area duct. For maximum flow determine the val- 
ues of static temperature, static pressure, stag- 
nation temperature, stagnation pressure, and flow 
velocity at the inlet [section (1)] and exit [section 
(2)] of the constant area duct. Sketch a temper- 
ature-entropy diagram for this flow. 


For maximum flow, the Rayleigh flow is choked. lor the jsenfmyic 


nozzle 
8 -a 


? 


2 = р = 101 Ра (Abs) 


Jo determine the static state at fhe nozzle exif, Rayleigh fow miket 


we need the value of Ма. To dekrmne Ma we use 


hoa 7 hi, udi = Eha“ i.) 
(500 000 LZ 
t p” e DE 2 € 
(1004 Мт 
Ag. k 
and noting that fav choked flow, Z = Za we get 


2 


or 


7 = 3 
ъъ & 


bt . T, 286 _ 557 
72 M 786 K 
/ 
With Ty: . озу we enter Fig- 0.3 and read 
а 
Ма = 9-31 
5 = 2./ й) 
А 
Fn OFZ (2) 
Ta 


(cont) 


/t- 7 


V _ 
Î (3) 
а. 
fo, = 419 (1) 
[M 
With Eg. Ч we obtain 
р = б, „ 101 ЁМ(аЬ) _ 94.9 Rha (abs) = р 
0,4 "m SL =—— 0,2 
1.19 
Wilh Ма = 0.31 we read from Fig9.D., 
E . 094 (5) 
Ri 
and 
7, = 0.98 (6) 
3 
With Eqs. $ and & we get 
P, = (0.94 ){ 101 Ios) | = 75 kPa (abs) (7) 


and 
7, =(O. 784 ) (2886) = 2820. 

Thus 
V z Ma, "LET! = (0.31 ) (286.9 oe (282).4) 2/040 (4) 


4 щй. 4 
; T» 
Combining £37. Lond 7 we obtain s> 
Pa (ats 
pcd UE SA) = #5 #406) = р 
24 - £4 2 — —— и 
Combining Eqs. Land f we have 
„= al o ERES . v vg 
e. 42. (O42 :) 


Combining Eos. Zand 4 we have 


m 
A = K = ый ЫР = $207 = V 
0.2 s 
0.2 —-= =— 
(cont ) 


2 


LY P 7 2 
oy 
$-5 СА s Mh (ea 2) - (286. 9 iz la fT hhh (abs) 
47.6 GS жиа) 
and 
5-5 = $090 Nm 
49 K 
P, = 4S Mr) 
sketch of "e 
Rayleigh lihe " = 
(not +0 scale ) و‎ 
"d / 
E. 
4 
р=45 Ria (abs) 


л-72 


KT 


11.61 Air enters a 0.5-ft inside diameter duct with p, — 20 psia, 
T, = 80 °F, and V, = 200 ft/s. What frictionless heat addition rate 
in Btu/s is necessary for an exit gas temperature 7, = 1500 °F? 
Determine p, V} and Ma, also. 


To determine the heat transfer vate we use the energy Guafion 
(£g. 56%) jo get 


Q net = ee £72 ha, ) E m Cp а 5.) (1) 
in 
for mass flowrate we use 
E 3 wd GE (2 
m A A, V, RT и 4 
Jo determine P and "x we use Ёд. 1.56. Thus, 
ECT AMD ИРЕН 
7, (2) 


/ + ex) Ма* 
or tor air 


2 = #(Ма) ж Fig. D. I (4) 
д 
To determine Z we use 


= А. Р 
R= ELENG) (5) 
where with Eg. 11.123 toy Rayleigh Flow 


Pa axe 

А It &Ma* (€) 
or ty ar 

P. f(Ma) m Fig. 23 (2) 


а 
For exit velocity , V, , we use 


ү = Ma, / RT, k (2) 


We determine Ма, with 


Ma, = к= и 
ENSE — ad [RTE ) 
3 KT, (con't ) ш 
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Ma, with 


and we derermme 


a ) 


and 64.11.128 for Rayleigh How , namely 


T _ ы. ] 
а IF k Ma” 
= # (ма) on Fi9.23 
For ауу we determine Ma, wilh 69. д. Thus 
(200 Ё) 
= 0.19 


Ma = 
(1916 ft. Ib T RS se = 4) 


Flug. Лас. "R 


#2 
For Ma =9.18 we read Oh Fig. D-7 


л _0.#? 


x 
9) 


шш SHR „ 5950 


Ov | 

; 0.99 

With Ma = 0/8 We read Th Fig- B3 the vanes 
è 


= 0,17 


А. 225 


Thus with 63.10 we obtain 


Z = ален 2 = 062 
fa. 540% 


li- 75 


it | (con't ) 


For E - 062 we get frm Fig. D.3 


a 


Jhen with Eg.g we have 

R= батут (744 ) = 17 Psia 
With Ёр. 7 we have 

И = (0.40) (7226 4 le icai) RICH) 


4 Se 
[s ug) 
With & 2 we get s> 


А PX 2 f 
(20 psia y( "* Д, ) T OSF) (200 F) 


(1716 17.4 (540%) (4) s 
ES» 


and wilh EG- we obtain 


وک 0422 = 


м e? 
t» 


(270 B^, 


PI 


= (0.122 sha (b06 Z ft. М у= segue) _ 


у.“ R 
(778 кєй 
Grn 


"- TC 


[nez | 


7o 
en 


11.6 Air enters a length of constant cross 
section area pipe with p, — 200 kPa (abs), T, = 
500 К, and V, = 400 m/s. If 500 kJ/kg of energy 
is removed from the air by frictionless heat trans- 
fer between sections (1) and (2), determine p.. 
Т›, and V,. Sketch a temperature—entropy dia- 
gram for the flow between sections (1) and (2). 


delermjne the state of the air at secfon(2z) we use the 
ergy eguation (63.5.61) to calculate the Value of Ba: Ps, 
йык” Marfan = GOD 


In 


Or $ $. g 
ne + 
б т eee lop = = EE a (1) 
9,2. c 4 E ©,) 
P 


: Р М i 
We obtain 12 tram th which we read fo» F19. Dl with 


Q 


2 


ГА 
of Ma, . we determine Ma, will 


value 
Ma = “= ый 
" S Tere (2) 


With Ma we also enter FI9.D.3 and read values of 


Then we defermiye Га with 


Аа ° (m 3 


he 
@ (3) 


With This Value of lar we enter Fig. 2.3 and read 


of № T ana 12. Then we. 


Corres pond i values 
LOWLY? tx 7 


determine A ‚7, and V With 

E EE (4) 

EXE)" e: 
7 

u(- / & Я (6) 

> (e) i) (con't) 


Ms 77 


ånd 


We use 64.7 * get 
Ma, = oot) s 087 
1 


(286.9 Мт Y So ky. 
Rg. m 


Ti 20.8 
Ur 
М СЛС. 


Qua with 23-1 we have 


e M pam T. SHR = k 
7 T 
par d. 


With Ma, = 0947 we enfer Fig. D.3 and Veact 


Now with Ри = 0.99 Gud 69.2 we obfain 


b. 
LE - (BE yen ) = 6:14 
Toa $79 K 


(con't) 


1-344 


(con't) 
which has as - corresponding values in Fig. 2З Of 


,7 ^46 


" 


23 


2.17 


M 


NIN Fo m 


ana 
vs = 0.07 
А 
With these rahos ana these rahos Corresponding tp MG, = 0.Ё we use 
gs. 4, $ amt 6 to sblm 


р =(2-3 74 Д ) 20 taal] = fof KA (abs) 


LiH 


T = (017 yen (Sook) = 93 É 
1.02 ) ui 
and 


y = (nor. 3) owe =з 
0.4 г m is ЗА, larger than 

Note that according fo our calculations, 1 = 832k A А =k. 

This is not correct and is a result ef fhe maccuracy 


associaltAl with using the Graphs. 


For more precision we ascertain the value of Ma, knowing 


ч 


22 иялә бў.//./3/; Жузу however, We determine [at Knowing 


a 
бе $ 


Ma with Eg. 1131. Thus 


=} Э T 
b 2C kri) Ma, (1+ EL ма, > КҮКҮ, «(че Loan] 


“ae (^t Rata,” )* [r+ olsn] 
Ov 

To," = 99908 

Toa (con is 


//- #7 


1.62 | (con't 


Now we use Eg- /.96 to dekrmine 2 , Thus, 
o1 
Л»! it (Rat Ма * А S 
чат, Tl. -1 
za FE) (0.993) 
nd 7 
о Р р: SWE) Ck 
И 0. £624 0 £624 
Now with Ёд. 1 we have 
J 
ЯЯ ч "(Sato 17 ) + SINK = #/.74 К 


К) 


Wi Th €4.3 we obtain 


Ж ъ 
kde Ji бето = @/ў#? 
579.66 


To, A 
With Ёд. 0.137 and Tyr „ 0.1397 we gef 


Aa 
Ma, = 9.1776 


Then with Eg. (1.12Ф and Ma 2 0.23. and hii we фе? 


IA _ Dodge ~ Le £643) TT 
Ta /+ Ma,” /+ (1-4 {0.843} 
ana 


rA H- (L0 0776) 


(Con't ) 


/- SO 


Now with £3.58 we have 


L- (0.1666) zie уан) = mk 
1.026 
Qua 


R= lik < Es £173 K 
Gs tt should бе. 
For our 72 5 Sketd we use Eg. 1174 To calculate 5 - $,. Thus, 


55-5 = Gh ^.^ A „мет [n Ee 


and ^ P, 19. k $00 IE 
$i == 2920 7 _ 296.9 T 41 
29 К +. ik 200 k fa (abs) 


Р = 200 (ах) 


(1) 
p^ 500k 


"4 


x 
Raylei h line 
oe 


11.63 Describe what happens to a Fanno flow when heat trans- 
fer is allowed to occur. Is this the same as a Rayleigh flow with 
friction considered? 


One way To respond To this probkm, Stakment is Jo Consider 
what the path of these flows would look like on femperatare - 
entropy (T-S) corvd vales . starting with the subsonic powtians 
of Fig. [1-25 


pay leigh 


Жыр = E NR. Ж. isotherma | 


5 
we can Show Fanno anol Kayleigh flows. Another chssical case 
described tn a- number of fluid mechanics fects is isothermal 
pipe flow (constant fev porsfuve pipe flow wilh fiction ard _ 
heat rausta). This kind of flow appeximales what occurs in 
Jong underground pipelines. As Shawn m the Sketch above by the 
broken line the isothermal How path is generally above the 
Fanno flow path and below the Rayleigh finm рал. We 
Conclude that the path fev P'pe Jb wilh fichon and 
heating would be above The Fanno Йом path ena the palh Tov 
pipe How with hich avd Cooling world be below the 
Fanno fte» path with kichon aud flew rates cmstaut. 
A Rayleigh fle) with frchm wold trae below the 
Raylergh flows ран. sheet other things ejna! . Fay leigh flows 
approximate flows wilh haat trouser over short path lengths 
over which Fiction Can be ignored as an approximation of ly. | 


M-§ 2. 


1.65 
11.65 The Mach number апа stagnation pressure of air аге 2.0 


and 200 kPa(abs) just upstream of a normal shock. Estimate the 
Stagnation pressure loss across the shock. 


want To  delvrane the stagnation pressure loss across 


We 
o nomal shock, Ov 
p 
8 = =e (1 
bx Ву 7 × ( Bx ) 
Jo determine the fas afin pressure ras we use £2. //. 156 
Thus, É Ei 
T" 6 k- 7 К /- & 
& [pw] L быы 
x lek 4-1) E (ad 
5 s Re Rt! 
or y" (Gir 
Pry £ 2, 
2r e ow d 19. Di. 
0x 
For air (4244) we. have fam F19. 2.4 tor Ма, = 2.0, 
AY. @72 
lax 
Thus, with &./ we obtain 
lx- hy = [200 f^ (als) ](1 - 0.72 ) = 56 kf, 
Z2 / 


i- 23 
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11.66 The stagnation pressure ratio across a normal shock in an 
air flow is 0.6. Estimate the Mach number of the flow entering the- 
shock. 


70 determine the Mach number of the air How 
entering Â wnovmal shock , May, given the 5 gna on 


pressure ratio, fax | we enter Fig. р. wit 
Р, 
ay 
hx = o. 6 
5 
and read on Fig. DY 
Ma, =2.29 
—Ó—À 


q-27* 


11.67 Just upstream of a normal shock in an air flow, Ма = 3.0, 
T = 600°R, and p = 30 psia. Estimate values of Ma, To, T, ро, p, 
and V downstream of the shock. 


To determine Ma, Knowing Ma, we use Eg. 11.143. Thus, 


Ma,” + (= 
-/ 


(75 ) map -1 
ov fer air we use Fig. 0-4 fa ма, as а funchm of Ma,- 


To determine by we use EG. 4.56. Thus, 
2 


асои = 


ev for air we use Fig. д. 1 for 2 Qs a tunchon of Ma, - 


To obtain T, we изе Eg. 10-15 f. ‘ay Thus, 


pa q {мг ep 


1) 


2 (3) 
[RD Ma2 
: 2( 4-1) 
or foy alr we use Fig. py fo Ту as а funchas of МА, * 
T. 
For ly we Use Eg.? of а WAG To get 


$4! Maz Ё, 
P E (ERE. Lee) ] N, 
y = (4) 
I) ا‎ 
' Rt Rt 
or for ат we use Fig. D.4 for fay as 4 funchon of Ma, . 
Fx 
Ау : we use E. 150 fo obtain 


= & [GÉ )чё- (= Jj (5) 


or 63 Gir we use Fig. к. 4 tov UA as а Бенсо of Max: 
* 
For V, we use 


(6) 
реА (con't) 


//- 85 


11.67 | (con't) 
For aly we read frm Fig. BY fw Ma, = 3.0 


0,475 


(0. 3 


Ч ХКА PIO 
и 
N 
N 


“= 


= 12 


к 


obtain tom Fig. D.I fw Ma, = 0.475 


= 


0.96 


From 68.0 we get 

p = (2.7 )(600°R) = (6a 
and thus wilh Eg. 10 

Toy zo ж 160 R = HUR 

0.96 0.46 === 
With Єу.7 we obtam 

B= (0.3 )(3¢psia) = 30 psia 
and £$.9 yields 


fe, = 02 Морел) = 3@ psia 
Then with Ер. 6 we obfam 


v, 
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11.68 A total pressure probe like the one shown in Video V3.8 is 
inserted into a supersonic air flow. A shock wave fonns just up- 
stream of the impact hole. The probe measures a total pressure of 
500 kPa(abs). The stagnation temperature at the probe head is 500 K. 
The static pressure upstream of the shock is measured with a wall 
tap to be 100 kPa(abs). From these data, estimate the Mach пит- 
ber and velocity of the flow. 


This is like Example 11.19. 

We enjev Fig. р.у with 
foy _ 5 00 КЊ (а07) = 5 
Ё /00 hPa (as) 

and vead 


We determme the Value of М, with 


= Ma, J RT, R 


we vead from Fig. D. / Jw Ma, = Tí 


(290i )(1-* ) ы 
& M. — 


(226. ^ M-m =) 


i- gi 
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11.69 The Pitot tube on a supersonic aircraft (see Video V3.8) 
cruising at an altitude of 30,000 ft senses a stagnation pressure of 
12 psia. If the atmosphere is considered standard, determine the 
airspeed and Mach number of the aircraft. A shock wave is pre- 
sent just upstream of the probe impact hole. 


At 30000 fF, we vead from Table С.І fw Slandare! atmosphere 


T = - 4783/5 = 412.2 "€ 


ана 
р = 4373 рза 
7hus 
^ 
e MELLE LLL T 
Re 4.313 Pila. 
and with this value of Py we read from 
Erg. D.4 А 
Ма = 1.2. 
^y = 
Thus, 
И Ma R = 1.25 (17# деа б.к fi) 
/ 
and ^^ Slug. in tt) 


f= $F 


Il. 


11.70 An aircraft cruises at a Mach number 
of 2.0 at an altitude of 15 km. Inlet air is decel- 
erated to a Mach number of @.4 at the engine 
compressor inlet. A normal shock occurs in the 
inlet diffuser upstream of the compressor inlet at 
a section where the Mach number is 1.2. For 
isentropic diffusion, except across the shock, and 
for standard atmosphere determine the stagna- 
tion temperature and pressure of the air entering 
the engine compressor. 


The decelevation process in the inlet diffuser is assumed To be 
Qdjabanc sce we ar considering ise Tropic diftusion 
except across the Shock. Thus 


7 = cons tank 
and 
= Z 
7o comp inlet o, diffuser ilet (1) 


To determine the diffuser inlet stagnahon temperature we enter 
Fig. D.) with Ma = 2.0 and read 


= 6.55 (2) 


NN 


At p 4» elevation in standard atmosphere we read tm 
Table C.z 

T = -56.6C = 216.5 К 
Thus, wi fh Єз ғ. | and 2 we obfain 


= Qs) 
L comp mlet 7 ^ dite ilet Cass J sa " 


Jo determme the Stagnation pressure at е compressor mlet 


р о diffuser mk? /4 x 


+ 


ме use 


EMT ( 4: 
5 Соту inlet 22:0 fuser mlet 


For р Г, Fhuser inlet B. mem 
P & di fast tated 
e di Ffusev mlet diffuser inde? (4) 
di Huser intet 
where P = p t 15 km or P, = 21 Xi М (ш 
diffuser inlet atm ^ di биге, iet mè ) 
Table C.2. (con't) 


= 


We орал агь met trom E9. D.) tor Ma 


di if 
ч diffuse mlet Huser inlet 
Thus fam Fig, pil we have 


Казе r m let 
a = O, / з 
Rise im le? 


Combining Еду. V nd S we obtain 


р = ихо (ats) 
o diffuse i lef TIAR O 


(0.3 ) 
For Ма„=[.1 , we read fm Fig. D.4 


= 93,000 M (abs) 
m> 


= 0.47 


the flow is lentmic except acmss the shock, 


y 
Thus, with бу? we obtam 


i Lomp "wet = /93, 000 © cabs) J 00.998 01.0) = e - 22 х) 


Je delermine the shibe pressure at the compreso met we 
ente, Fig. DI wilh Ma , = O4 and read 

Comp miet 
foamy inlet 


г 


2 comp inlet 


= 9.89 


Thus, 


Р = 091 )[42. Rh(abs)) = Fa (а) 
Corn) inlet Бесы 
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11.7/ Determine, for the air flow through the’ 
frictionless and adiabatic converging-diverging 
duct of Example 11.8, the ratio of duct exit pres- 
sure to duct inlet stagnation pressure that will 
result in a standing normalshock at: (a) x = +0.1 
m; (b) x = +0.2 m; (c) x = +0.4 m. How large 
is the stagnation pressure loss in each case? 


This is similar Ф Example (y. 20. 
(a)For a Standing normal shock qt X = (04m we note fom 
the table of Example П? that 
Ma, = ^3? 


= 2.33 


From Fg. D.4 , for Ma, =/.37 we obtain 


= 0.75 


0, 36 
Fro. DI we tind for 


0.75 


(2) 


For х= фол m, the mho of duc? exit area To local area 


А, 0.1m + (0. Ут)" 


= 3/8 (44) 


Ay C m^, (01m) 
аиа Ustiag £37. 3 ана 9 we get 


Ar Ay A2 
Pe: = RAI z(A^! (318) = 3.5 


(con't) 


I- 2] 


3.5 we get frm Fig. D./ 


rx gj" = (0. 98 (096 ) = 0.99 
The loss tn PME d pressure is 


pod tpe Р. = E = orans) fi- 0.9% )=# AR 


(5) fov & standing Normal shock. Qt X= +0.2m we note fram 
The table of Example 1.8 that 


Ma, = /.76 


For x =t0.2m, the ratio of duct EXI? area t local area, 2 
/$ 


7 
Az _ 2lm Т COSm)™ _ 2.5 
Ay Olm? + (0.20) (con ^* ) 


//.7/ con't) 


and thus 
Ar Az \/Ay ) _ 
х" f a) =(2.5X1.16 ) = 2.2 


With А, _ 2-9 we ger trom Fig. D-/ 


A* 
Ma = o.20 
and 
& E А = 0.27 
fet Ly 
Thus 
A 2 
= - 2 = ae = (097 зз )- os 
©, ох бу fox 


Ihe (oss in stagnation pressure is 

^ fax ay = 6, fi cp = Гога (i-0. )= 17 A 

(С) For a Standing normal Shock gf *=40.4m we nore trom The 
table of Example (Р that 


7 2 


Ma, = 2. 
and 
С 0.06 
ax 
Fiom Fig. DY for Ma, = 2-48 we olsa 
Ma, = 0.5/5 
And 
J 
„22 = 06.5 / 
8. 
Frm Firg.D./ we find 
Me, =A S 
Ay = 73 
ж 
i (con't ) 


It- 75 


| //.7/_]| (con't) 


For X= t0.¢m, the ratio of duct exit area Yo local area, 
A 2 f 
Ag 2 
Az _ 04 m? + (0.5m) = Age 
A 0.1 mn" № (0-4 »)* 
and lus 
5 - GUE): (^35)043 ) = 43 
Wi tt, "no we get tem Fry. 2./ 
Ar 
Ma, = 9.34 
e nol 
Ыз 2 
©, by 
Thus, 
PL BP "d 
её, E, я AE ZR =(0.92 X051) = 047 
2 ? 


The loss 7^ edi ризике 1s 


UP mu ыз) „Года )) (1-051 Y= 50 % 


o 
5 x 


n- Tu 


11.72 А normal shock is positioned in the 
diverging portion of a frictionless, adiabatic, con- 
verging-diverging air flow duct where the cross 
section area is 0.1 ft? and the local Mach number 
is 2.0. Upstream of the shock, p, = 200 psia and 
T, = 1200 ^R. If the duct exit area is 0.15 ft’, 
determine the exit area temperature and pressure 
and the duct mass flowrate. 


To determine the duct exit temperature , T and Pressure, 
A, we need E апа Ê . We can obfam these ratios Som 


va 82 
Fig. D.1 knowing the Value of Ма. The value ot Ma, we 
бул,» trom F) 3- D. / With a known value of 4» which we 
z VE 
Get from 


A _ [te y A 
AP m I es (7 
AF Ag / A* ў, 4 
The value of (8) /$ obfained hem, Eig. D.) wilh the value 
of Ma, obtained fom F19. DY wilh a Known Value of 
Thus frm, Fig. D-4 fe Ma, = 2.0 


Ma, 20.2. 


and fmm Fig-D.| we read fer Мау = 0-55 


4, = / 2 
At 


bn he prodere statemen? 
4. 25A? 


Ay O4 £7? 
and thus with Cy. 1 we have 


= /.5 


A 
29 = (/.5)(7.2 )2^4 


(con't ) 


"- 95 


con't ) 


With Rave we get trom Fig. D. 


Ма, = 0-34 (2) 
£ > 0.97 (з) 
m 

and 
А = 0.92 (4) 
3 


The value of Ta, is obtained trom 


m = Tx j ИР = 7; = (1200 (5) 
The value of Ba is obtained trom 


= Р 5 
UL E 5.2) 


sad 
х 


From. Fig. D4 tov May = 2.0. 
Thus 
р = (200 psia 0022 J = 144 psia (6) 
With EZS Зана = we obtain 
Z = Ta (2 ) = (02006) (0.87 Je 
J ДА — і 
Wilh Eps. 4 and 6 we have 
4 2 {= Js CEL psia )( 0.22 ) = (32 Pa 
42 РЕ: 
For mass flowrate we use 
m= BRAK = А т, c = Ё А, Ma, RIB 
and 2 
т = (1320 CE ^ Yous tO Yo 
y E 
dau — Pla. c а) 
in = Og 37. 264 Ње 
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11.73 Supersonic air flow enters ап adiabatic. Determine also the duct exit Mach number and 
constant cross section area (inside diameter — 1 sketch the temperature—entropy diagram for each 
ft) pipe 30 ft long with Ma, — 3.0. The pipe situation. 

friction factor is estimated to be 0.02. What ratio 

of pipe exit pressure to pipe inlet stagnation pres- 

sure would result in a normal shock wave standing 

at (a) x = 5 ft, or (b) x = 10 ft, where x is the, 

distance downstream from the pipe entrance? 


This is similar T?» Example (^21. 
With Ma -3.0 we enter Fig.D:2 and gef 


(4 $4 ) = 0.92 
D 
We nofe that 
f (474) = FUEL) + T(4,- 4, ) 
D D D 


(a) With Eg./ we qet for £.- 4 =- 5 f7 
¥ 
£ (4 be) ۶ (4 4) FP). 0.52 zi (v6.02 )( 5 FH) 
5 2 кш pe 


( 1f7) 
or 


FORÈ ly) = 0:$2 


D 
With FILL) оу; we enter R9. D2 and tind 
D 


With Мау = 2.5 We enfer Fig. 2.Ч and read 
Ma = 06.52 


Now with Ma, = 0.52 we obtan tom Fig.0.2 


F(C) = 09 
2 


ee ед) FUEL) FL-G) 
P д 2 (Con't) 


/- 93 


Con't) 


we get 
gf D a ва (0.02) (25 ^) = ay 
D ( / X2 
and enkring Fig. D-2 wilh FEEL) = OY ЖУРУ, 
2 


Ma, = 0.62 (Subsonic flew) 


Mow we pote that 


Ж ee EY Гг "T 
* — — ША 
№, PUM ARBA PA АДЕ, 


With Ma, = 0.62 we btan frm Fig- р. 2. 


Б. UT, 

a (3) 
Witt, Ma, = 0.52 we obtain frm Fig. D. à. 

FP 

pa E (4) 
Wi tt, Ma, = 2:5 we gett hm Fig D.Y 

Py 

B | (5) 
and we blainn from Fig. D. 2. 

Le 0.3 (6) 

p* | 
For Ма = 3.0 we ger frm F9 DL. 

Р. = 0.22 Cn 

p* 
and fam Fig. D.| 

(92 


І 
— = 0.03 
Р, 


(con't) 


= 2g 


Combining Egs. 2 СА & we obtain 


Ё _ 
po YT "er Ga Yass 


/ 


Since we do not have values of temprature or Pressure 

anywhere wn the Flow, we Can only sketch gual kie ly 

What happens on 7-5 Coovdinafes, fhe T- 5 diagram 
will be similar to the one of Fig. € //. 21(5) as indicated 
above . 


(6)With Єд./ we get fr f, - 4, = 1071 


FA) 052 - (0.02000F) _ 0.32 
D 


Gr) | 
we enter Fig. DZ and find 


Wim AE-L) 2032 
: o 


With Ma, = 2 we enter Fig.D4 and vead 
0.58 


Now with Ma, = 0.58 we obtain tam 5. 0.2 


(Con't) 
= 99 


A413 \(con't ) 


UTL) = 0.62 
D 


Since 
rtt) = 444377 Fl hi-k) 
we E A Р ні 


ж 
F&L) = 042 —(002)(20#72. 0.22 
D 


а (и £t) 2 | 
@ла entering FI (A2. with” f(f-£)so.az we obtain 
m 2 


Ma, = 0.69 
With Ма, = 009 we obtain tom Fig. 0-2 

A = 1.17 CDM 

p* 
Witt, Ma, = 0.57 we obtain fom Fig. 2.9 

р 

Ж = ^96 (10) 
With Ma, = 2 we qe? trom д. р.у 

& 

Р, = 4.9 (4) 
and We obfain frm Fig. 2 

Р. 

"UE = 0, 

p* P (22 
Combining £25. 2, 7,$, 9,12, H ама 12 we obtain 


2 
a „б Юг) ЕУ ү а Jat X 0.0 3 
6, ж ) aoe 4 Í i == 


4 


u 

є 
— 
“| 
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11.74 Supersonic air flow enters an adiabatic, constant area pipe 
(inside diameter = 0.1 m) with Ma, = 2.0. The pipe friction fac- 
tor is 0.02. If a standing normal shock is located right at the pipe 
exit, and the Mach number just upstream of the shock is 1.2, de- 
termine the length of the pipe. 


We note that 
Finak. #054) „ Ж-А) 
D p D 


(1) 


Whe re according 7o Eg. 11.98 


FLEA) 1 (1 м?) , / у, | (BED ma 


SE See 2 
й A (м) aK (+ (£!) ма? M 


Or for air, f (4*2) s graphed as а function of Ma in 
Fig. D2. á 

Thus, knowing Ma, ana Ma, We can dekrmine fi 4) ana 

F (4-4) and with 64.1 we obtain PANS Wilh £ and D 


D 


also known we can determine №. Ё,. 


Far alr, we find in 
Ma, =/.2, 


f (4*4) = 22 
2 


Fig. D.z corres ponding To Ma, = 2.0 and 


and 
F (4*4) = 0.03 
D 


Thus, wilh Eg. / we have 


1 


Fkk) = 0.3 - 4.03 = 0.27 
D 
and 
£, - & = (0.27 )(0.17) = /.35 т 
= OOL 
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11.75 Air enters a frictionless, constant cross 
section area duct with Ma, = 2.0, Ty, = 59 °F, 
and po, = 14.7 psia. The air is decelerated by 
heating until a normal shock wave occurs where 
the local Mach number is 1.5. Downstream of the 
normal shock, the subsonic flow is accelerated 
with heating until it chokes at the duct exit. De- 
termine the static temperature and pressure, the 
stagnation temperature and pressure, and the fluid 
velocity at the duct entrance, just upstream and 
downstream of the normal shock and at the duct 
exit. Sketch the temperature—entropy diagram for 
this flow. 


At the duct entvance , ѕесћоп (1), we have 
n = 24 Р = 5/9°R 


p 14.7 psia 


With Ma = 2.0 we enkr Fig. D.1 and read 


A = 0.56 (1) 
x 

and 
А a бүз (2) 
fı 


Thus with ёду. [ and 2 we obfan 
T = (0.55 SIIR) = 2?/ Ф 


and 


Ar secho (x) just Upstvtam of the Shock P 
АЕ (3) 
ду, Toa 


(con't ) 
/- 102. 


con Т) 


And 
b, Ра 


For Ma = 2.0 and Ма, =/-5 we vead tm Fig. 0.3 


0,79 


these vahos and Eqs. 3and 4 we obtain 


0.79 
(I4. kia Ki I Ja tl psia 


With Ма = lS we ently Fig. рл and read 


= (S19°R y. nee ) = SR 


0.62 
= 0.27 


669? 515%) = HIR 


E = = (о. 27 Xu psia) = = psia 


KT Ma, | RT, k =016) (1716 tlk ven = нео B 


(can' f) Cat ^) 


„~ 103 


Cont) 


At section бу) just downstream of the shock we obtain from 
Fig. D.4 for Ma, = 15 | 


Ма = 0.7 
^y 
"eg 
| Px 
| 7 
ze des 
Tx 
V, 
2:19 
Vy 
P 
| YY = 0.43 
| fax 


With these vanos and values of properhes at secton(X) previously 
detevmined we have 


5 = (2. 5 )( 3-00 psia) = nS psia 
7, Т, = (097 Mus) = 533 °R 


ft 
„= г 3 


e = 6 43 Ta = 10.2 psia 
Also, since the flow across the normal shock is adiabahe, 


Toy 7 b,x т 510 R 


At the dag exit sechon (2) we have the subscript a” state 
n F/g. D.3 Фей the fow js choked there. Thus trom 
Egs.5 and € we Conclude that 


ha E Ton = (SAR) = 657 & > т 
0.74 (0.74 ) == 2,2 
and , | 
T = CA. = (14-7 pia ) = 1:0 psia = 2 
(con't ) 


(cont ) 


With Ma, = 2.0 we read бем frm Fig. р З 


Ё = 0:36 
Fa 
7 
— = 0,53 
Tn. 
DT 
7 
Thus, 
PEE (1-940512. ) 
^ = 5.31 Psia = р 
ict у ие 
(0.53 Am: 
ала 
ft 
у = (69 E. yo ft Ly 
^ — x: = 


(145 ) 


То shketh. a T-5 diagram we need 


values of 5-5 and we 


caleulak these values wit 
$-$, = с, іп T - К ln A 
П] P P, 
П 
50, for Cxample, | 
se-s, * (6006 E fT) (ine fe (T ) = юв 
Ж slug. R 5146 slug. R 244. pia slug R 
Similarly 55D 
6006 In 523. -1716 In 72 elus: d N(2)0r 
-$ = # WX € — А 
»1 ET #7 (a) 
5-5 =/720 Fl E. 
: "Mg .'R uso Fe Rayleigh line 
t ^ Sketch (not to 
4 e$ 60061. 513 1761653! , Scale ) 
2. $13 14.2 T(*&.) 
£-f£zao$o Ft. 
ч Slug. °R 350 


1 


| ec — чина 
/000 £42000 
di £29 


/^ 76 | 


11.76 Airenters a frictionless, constant area duct with Ma = 2.5, 
T, = 20°С, and p, = 101 kPa(abs) The gas is decelerated by 
heating until a normal shock occurs where the local Mach num- 
ber is 1.3. Downstream of the shock, the subsonic flow is accel- 
erated with heating until it exits with a Mach number of 0.9. De- 
termine the static temperature and pressure, the stagnation 
temperature and pressure, and the fluid velocity at the duct en- 
trance, just upstream and downstream of the normal shock, and 
at the duct exit. Sketch the temperature -entropy diagram for this 
flow. 


(a) For air we have at the duct entrance, $ecfien(1) 


Ma, = 2:5 
vw = 206 = 293 К. 
vf سے‎ 


1 


Ё: = jot kha (abs ) 
л ыва 


With Ma, = 2.5, we enter Fig. D.l and read 


7, < 044 (1 
bı 

and 
É = 0,06 (2) 
lı 


Thus we have wilh Egr. land 2 
T (044 )(293K) = 130K 


pc (0,06 )[toikfa(abs)] = 6.0 def (Gls) 


(286.9 Nm зок ).4) 


EA) 
At section C) just upsteeam of the shock, 4 Po 


Лх = Т ле (2) 
2! 


^" £ 
b. 5 В. е ka ) (4) 
hı l\ fa 


= GU M 
Ss Ie 


con't) 


For Ма, =2.5 and Ma, = 13 we read fom Fig.D3 


Ыы = OW 


(> 


E 
A e 27 


= 046 


fa x = Loy 


With these values and Egs. Zand 4 we oblim 


i e am J 5 ster 
= e RRR Ce Je 04 p= $77 kta (abs) 


bx 
With Ma, = A3 we enty  Fig.D.] аиа read 
T = 075 
Тох 
and 
A = 0.36 
Bx 
Thus , 
T,=(0:75  X345k)* 2K 
and 
p = (ож [t4 etalabs)] = 17 && (abs) 
Then 
Me = Mash RL& = (3) | (286-4 Sp шы үз 
т==г 
te ға) 


(can't) 
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At section(y) just downsWeam of the shock we obim tom 
Fig. D.¢ tow Ma, = 1.3 


Ma, = 0.79 


1-8 


/. 2. 


= 1.5 


3 S|xS ха مم‎ 


J. 6.99 


ох 
Witt, these ahos and values of properties at хесђох (X) решошћ, 
deteymined we have 
= (7.8 [m У 208 № (abs) 


(I.2 ) (2897 & ) = 


=— 


m 
da 


=б4ъ) [47.4 phalabs)) = 46.4 ы) 
Also, since the flow across the ун shock is Adiabatic, 
Tey = hx = S16 
i the duct has an, we hawe 
(5j 


(6) 


(7) 


/- 108 


con't ) 
Appropriate ratios Yo use m ts. S Throngh 9 are ГЫСА tom 


Fig. D3 fr Ma, = 0.79 and АЦ, = 0,1. 
Thus , 

5 24/452 

fa 

A = 4/2 

A 

2 102 

7a 

А = /.02 


ез 3 N 
Wu 
< 
- 
E 


" 
БЫ 
ә 


> 


SS SS 
ec 


515 
1 
©з 
ob 


Va = 0.91 
&, 


With these rahos and Egs. 5 through F we obtain 
Es [30.4 ta (abs) ] (+ pe J = 266 R& (abs) 
L3 = 


سے 2 


Г. = Gee. E. gen ) = 407 

, 0,36 == 
(con't ) 

it- [07 


T= ане ) s sec 


| //.76 con't y 
/ 1 / = ¢ 9 


Р (246 E s.n d= 337 7 


fw sketehing д Tos diagram we need values of S-5, 
We use, 


= Rh ZL 


$-9 = G, la £ 
t P 7 £ 


Thus, tw example, 
= =a / 
$,-5, (ium m. uum », Jeu $ durs. 400) 
60 Pa 
5. - 5, = 527 £ 
kg. K 


Similarly 
5, =o 536 2 
zs. kK 
Ah c 
s -5 = 570 J. 
2 д 
25. k 
д 


5 Rayleigh 
line 

Ske teh 
(not fo 

scale ) 


11.80 (See Fluids in the News article titled "Hilsch tube (Ranque 
vortex tube)," Section 11.1.] Explain why a Hilsch tube works and 
cite some high and low gas temperatures actually achieved. What 
is the most important limitation of a Hilsch tube and how can it be 
overcome? 


A Hilsch tube works because fhe cave flow of the associaleal 
compressible swirling flow is m Solid bro; rotation (forces 
vortex). As shown by Eckert and Drake (Eckert, ERG. and 
Drake, Jr., RM. ,. Analysis of Heat and Mass Trams fer, 

Me Graw- Hill, New York, 1972) , the difference it tote! #третйле 
across the кайыў of this Krad vortex Can be appreasbk, 
especially when the flow is turbulent. Kurosaka (Kurosake,M., 
Acous tie Streaming In Swirling Flow and the Rangue - А/ е 

(Vortex Tube) Effect, Journal of Fluid Mechanics [29:134- 172,082) 
Concluded that periodie uns tead iness of the Swirling How 

is the primary cause of the fmation of this krced vortex. 

A ccording +o messuvemerts (Ahlborn, В. , Keller, TU., Staudt, R, 
Triefs, &. and Rebhan, E., Limits of lemper chare Separakon 

h a Vortex Tube, Т. Руз. Р: Appl. Pys. 27: 490- 488, 1994 )hpical 
hol and cold stream tmpeahwes are 57°C and - 13€. 


The most important limi tahon of the Hilsch tube is the 
incthiciency of the processa challenge that remains fo be 
resolve 4. 
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11.81 [See Fluids in the News article titled "Supersonic and com- 
pressible flows in gas turbines," Section 11.3.] Using typical phys- 
ical dimensions and rotation speeds of manufactured gas turbine 
rotors, consider the possibility that supersonic Fluid velocities 
relative to blade surfaces are possible. How do designers use this 
knowledge? 


For the far of a regional turbofan gas Turbine engine 
tip radus = /9 th. 
rofaton speed= 9700 rpm 


So bl ade speed tr Je 


1° 


= TUM NK in. wc © )@т mJ. (376 f 
^ fe "ud i 


f+ 
m ^ typical fan infos veloci ty frange (See Ёз. 2-3) 
the velocity relahve to the fan blade , Ww 1$ much larger SAG 
the blade velo ci hy, U. AA take sff anol nomial ambient 


Fen pera tures We See Krm Table 8.3 that She relative velo cits 
of the Gir flocs over Pre fon blade heor ‘ts лол case 


is mest likely supersonic. 


Fir He Cove Compressor of this same engine 

tip radians = 10 m. 

rotation Speed = /£2 50 rpm 
He vesuline blade tip speed is 7 a 
Even at higher tem peratures within fhe Cove Compressor 
the relative vele cit, w, i quite likely Jo be Supers Mmi., 
Designers continue do improve. the fan, Compressor and turbine 
components of gas turbines. 


/1= 9/2 
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12.4% The rotor shown in Fig. P12# rotates clockwise. Assume 
that the fluid enters in the radial direction and the relative ve- 
locity is tangent to the blades and remains constant across the 
entire rotor. Is the device a pump or a turbine? Explain. 


BFIGURE P12.4 


W = W, according to the problem statemer} and U >U 
лисе. t =й, Thus a reasonable set of velocity Irianales 
fo» this situation looks like 


Wi 


By comparing the veloci hy tviansles at the voter ме (1) 
and exit (2) we See that the absolute velocity vectov, V, 
has been turned in the dwveefion of blade motor and 
Work has been done on the fliid. This isa ponp. 


iA 


12. {О 


12.10 Water flows through a rotating sprinkler arm as shown 
in Fig. Р12.18апа Video V12.2. Estimate the minimum water 
pressure necessary for an angular velocity of 150 трт. Is this 
а turbine or a pump? 


To estimate the minimum water pressure we. Consider the 


Flow through the sprinkler and into the atmosphere to Le 
without any loss of available energy. — 


———— 


3e, using Bernoulli s eguation we get P жа 
= Vv, | 
Io A K е VU 


where B= Py тада) decko 
72 dekrmine Lu we vecogni зе, that pr | \ | Р 
fhe minimum pressure Condition, the Teque. Bus Men 

resisting sprinkler rofahon is gero. 


50 E В 
T= т(®М„-Б»„)= 0 | == =ош 


Since : Q 
2 20 | 


then А 20 
2 


From the exit (2) velocity Triangle ) 
s) 2x 
М, = % соз 70° and W, Sin = U 0 


;M FIGURE P12.10 


rad ? 
5° qeu бази CTi) (150 ET Fey ) CT „зн Н 
2 E Sin 70° tz h.) 605 ) sm 70 cd 

$4 a rep 

Lo ы CURL үСзэч 2%) _ god 

с. ر‎ S uM c 

min 4 2. 22.2 р» £7) atm Ft 

= z 1 © lb 52 
ee. РЕ 


H em d "M af 
The aetwad pressure needed. for PME e if larger because 
fluid Flow losses and Finite fovgve resisting ro i m. | , 
This is a turbine, the sprinker moves m the same есл as the Huid tore on 17, 
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12. 11 Water is süpplisd' to a dishwasher through the manifold 

shown in Fig. P12.11. Determine the rotational speed of the man- | 
= ifold if bearing friction and air resistance are neglected. The total (3) (б) (D ©) 

flowrate of 2.3 gpm is divided evenly among the six outlets, each | e E 


| 3 in. | 3 in. | З іп. | 


of which produces a 5/16-in.-diameter stream. 


sectien a-a 


BFIGURE P12.11 


With points (0), 01), (2), and (3) located as in the diagram above, 
T= (Tout hovi = Fin Vin)" where Vein =0. Thus, 


T= 2/7, Vo, + 2f, ra Va, +2.®зг» Vos = О since there is no friction. 
But т, =m,=™ms so that the above becames 


n M, + Von +a os =0 (0 
But 0. + lo; = W; cos 30° gee 12,3 (2) 
where 


е M „(9 0) ]w =оооззэощ цепи Vo 


(4 П l 3 3 
Q- e з) (222) (2314 i) 5083 = 0, 00512 $ 
Thus, \/;=/.ё0 £ so that from Eq.(2) Vg; = We cos30° - UP 
or Vg; =(1.60 £)cos30°- rw. With p, 5 f, =H, and r= 2f 


Eq. (1) becomes 


3 (1386 - E) * e (L386- м) + (1.386 -у)=0 
or 249 = [05 Ш 
Thus, w= 2.37180 x IDE = 0,373 Fev 
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12.1Z Water flows axially up the shaft and out through the two 
sprinkler arms as sketched in Fig, 2/2, fBand as shown in Video 
V12.2. With the help of the moment-of-momentum equation ex- 
plain why only at a threshold amount of water flow, the sprinkler 
arms begin to rotate. What happens when the flowrate increases 
above this threshold amount? If the exit nozzle could be varied, 
what would happen for a set flowrate above the threshold amount, 
when the angle is increased to 90°? Decreased to 0°? 


m FIGURE P12.10 
EZ sprinkler is similav To The one of Example 518. 
Thus, | 


T o یی‎ 


Shaft A е 
Fre» the Velocity triangle shown tn the sketch above, | 


we cmelude that 

Vy, > (Wa 5m 70° =U, ) 
wheve 

А = 60 
Combining , we get 


е o . 
Z نے‎ p m 

linpi А (Ww, sin 70 "T 
eres | ۰ 
So when Wand m combed is large, with w= О to overcome 
d | - = - Wesce $ 


т, ы? the Sprinkler rotor begins t vofee.. 
4: 


when flowrate an creases further, w js no longer Jero | 
but set at a value that mises £g. | саана 


(1) 


/2.12 (con't) 


When the no33le. angle is increased tram 770^ Ho. 90° 
Тыл" (We, Sth 0 e) Mg 


A 
96? 
90° 
uU, 
for gb" | " 
У ew. 9 
shaft Shaft Y | 
90° 70° 90 
т = "а, 
= m 
20° 70 
We get 
W, -5A „= Wo SMT —t 
эё 2 99 2 50 o 
9 í 70° 
Fo" this to be true 
> 
Сове озо 


ov the sprinkler speeds up when the иоззЁ angle is incetased 
from 70° do 90° 


When the nozzle angle is decrtased > О, the exit veloci 
triangle how looks like 


М/2 ро 
U 
2 V, | 


And the shaft оц ue &550с:аіеої Wilh this flow Opposes 
and evenmally stops Sprinkler rotation. 
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12.13 Ata given radial location, а 15-mph wind against a wind- 
L mill (see Video V12.1) results in the upstream (1) and downstream 
(2) velocity wiangles shown in Fig. P12.13. Sketch an appropriate 
blade section at that radial location and determine the energy trans- у Ш: 

ferred per unit mass of fluid. | ; ye 


Iw; = lw, | 


V, = 15 mph 607. 


E FIGURE P12.13 


We can determne whether the axial thw hd | 
involved i ) | E | 

n Н p e turbine or a tan by comparing phe direction 
of : tt ree on the voter blade section with the 
divection of the blade velocity U. IF the lift ree and 
the blade veloci ty are jn the same directon a turbine is 
volved | If the lift farce and blade velocity are in 
opposite directions , a fan is involyed. The divecton of the 
litt force can be mferred from The shape of the ror 
blade sechon sketched to be fangenththe relative Hows enkern 
and leaving The votor mw. . 7 
The. entering 7 

4 Е Tan i Ui = tan’ (207) = 5 
v (15mph) 

Thus, the rotor blade sections sketehed bel) are appropriate 


эү" 
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/2./3 | (con't) 


| Since the lift force aching on each roto blade sechon = 
(ds de the same divechon ag the blade velocity Wwe -— 
conclude that this turbomachrue is a turbine.. 
Где energy ban kred per unit mass /s the shaft 
CEE Por un] mass Р E £ 2 whi chr es Can determine - 
wi th Eq. 11.5. Jhus | 


W batt TAS Ыы. И а) 
From he velocity triangles we. obtam 
= W 57) ГА Е 
2 " 7л 60 ©, 
and | 
— EN 2 
| W- = wW, = Vag 1 
| Thus 
| = ~- = * sih 60 — (7 
был al € ) 
i М 
а Шш TEE йий&°—20 а) —1 
ай j 15 (15р) + (20 7 | =з per г) 
shat} = 5 slug 
oY 


| a cu 


Ibe 
Slug (322 = 


“hat H7 
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12.14 Sketch how you would arrange four 3-in.-wide by 12-in.- 
long thin but rigid strips of sheet metal on a hub to create a wind- 
mill like the one shown in Video V 12.1. Discuss, with the help of 
velocity wiangles, how you would arrange each blade on the hub 
and how you would orient your windmill in the wind. 


wind along rotation axis У, 


Jà- 8 


12.15 Sketched in Fig. Р124баге the upstream [section (1)] 

and downstream [section (2)] velocity triangles at the arithmetic 

mean radius for flow through an axial-flow turbomachine rotor. 

The axial component of velocity is 50 ft/s at sections (1) and 

(2). (a) Label each velocity vector appropriately. Use V for ab- 

solute velocity, W for relative velocity, and U for blade veloc- 

ity. (b) Are you dealing with a turbine or a fan? (c) Calculate direction 
the work per unit mass involved. (d) Sketch a reasonable blade 2 U=U 
section. Do you think the actual blade exit angle will need to Ш 
be less or greater than 15°? Why? 


FIGURE Р. 12.15 


(a) See figure above. 


(b) T = т( №2 ~ М) = 11 угап (Veo - Vei) 
where №: 20 and Vor <O (see figure above) 


Thus, T>0. The machine isa fan. 
(c). Meha t = Uz Vaz g U Ve, = U (Vo2 - Voi) where Us О = Us 


Since V, = Ve, = 5p i ‚й follows 


from the figure that : 


ү cos/5° = 50 £ 


or V," 5.2 & 
an 


№ cos30* = sof or V = 57.7 f 
SO that 

Vo, 7-M sin IS°=-51.8 sin l5 =~ 13.4 В 
and. 


Voz V, sin 30°= 28.9 Ë 
Also, U- № 42.2 Ë 
lore, spay fa (2088 -E14 $) = to SE 


HEUS por Ө= «8 ° 


(d) From the figure. tanO= | 
This, the blade shape is as shown: 
(D FIs? 
ya Af (con't ) 
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(cont) 


р The actual blade angle will need 75 be kss than. 4t 2 
X achieve a 15° Шм angle at The bade exit. 


Becay se of boundary layer de velop men? on both surfaces of 
The blade , the £f lui ol angle. will be diffeven! from the- 
blade angle. Less сутто than expected will be асйчайу _ 


achieved. 


12- 1/0 


by air escaping from a balloon. The air from the balloon flows 


radially through each of the three propeller blades and out small | 


nozzles at the tips of the blades. The nozzles (along with the 
rotating propeller blades) are tilted at a small angle as indicated. 
Sketch the velocity triangle (i.e., blade, absolute, and relative 
velocities) for the flow from the nozzles. Explain why this toy 
tends to move upward. Is this a turbine? Pump? 


12.16 Shown in Fig. P12.l6is a toy *'helicopter'"" powered : 


B FIGURE P12.16 


Tf we assume the helicopter is stationary, then. the blade speed 
is wR in the horizontal plane as shown in the side view below. The 
relative velocity, W, із directed along the nozzle, and the absolvte 


velocity, V = W4U, is as indicated. 


Гле, toy tends do move upward because. the flow over the 


blades Push up on them. The 


alr блот the balloon doces the 


blades to rotate like д turbine. However, 


on the ambient air as д 
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PP 


the blades act 


17-1@ The radial component of velocity of water leaving the 
centrifugal pump sketched in Fig. P128 is 45 ft/s. The mag- 
nitudé of the absolute velocity at the pump exit is 90 ft/s. The 
fluid enters the pump rotor radially. Calculate the shaft work 
required per unit mass flowing through the pump. 


Ш FIGURE P12./8 


wur OY Оу uo CER des) 

A sha ft = РЕД е (a Ve, (Eg. 2.6) 
Since The шї enters radially , Yo, = 0 So That & 12.5 
becomes 

Ws haft M А Voz C 
Lo (TA , 

8 3 rer 
„= 60 = (asf) | — 


From 79. /2.8¢ 7 
(V, E us) t 
2 2 


[%#)- Ge = mie 


H 


Voz 


H 


Thus, hom Ee l1) 


| 


p fib 
ages = STENT. VEN Segre) 


Y 
= [22x TM ^t. Ib 2 12210" { 
$143 — 32.74 Iben 7 
slug 
379 ft. le 


—— Ibn 


(cont ) 
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(con't ) 


we proceed to calulale the Component velocities of Ёо. 12.8 


U, = К = (0. E py 2m t9) 7] 2 „уя 
EE DEN, Stk ibi E ug P 
(0 سک‎ 
fan 
Frm conservotion of mass 
or yA D Va А, 


and 


0.2 ft 


y= Мз!» HOST ) = из f 
r 5 
For the entering flew 


Va ey. (62.2 ft + (и> By 
Fi / i at) H) 
So 
v з 12% E 


Yi 


Then trom 69. 


uuu (E) _ £)-6«8)- [use rosy] 
aft 


и 


LE 7 


{ 
= 
N] 
[oy 
M. 
> 


slag 
= bn 


£4. 12.8 Invites round otf error because of the 


di frenes of veloci hy Squared mvo буе 
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1.53 x0 = du с 53 х0 1 ft lb (2 I. 


12.19 А centrifugal water pump having an impeller diameter of 
0.5 m operates at 900 rpm. The water enters the pump parallel to 
the pump shaft. If the exit blade angle, 8; (see Fig. 12.8), is 25°, 

. determine the shaft power required to tum the impeller when the 

.. flow through the pump is 0.16 m/s. The uniform blade height i is 
50 mm. 


a SE Za NÎ 
LE hete 
Ts = PO (Res 7h lb) (£5. 2.0) 


la = D, = Cot 4 (2) 


rad 
Far f d = 0.2954 Un po s (fro fis т ier nu m = 
Ther Hor 
D = 28m (fez я) лз, л» 


Since the flowrate 15 given, et follows That 
P= атк 5l 


we 
or io У 2 = (о, es / 2,04 
2 zwee, (zgyYA26w) (O. DE r ) p 


Thus trom Eg, (2, 


=> IME _ "nme 
h= (23.4 2.6% Col 25 gp = /7.2 = 


ana Hom £7. (/) 
Тыл = (ft 2, (018) (о гета) 102 2) TES Nem 


І - | 
so, уу (768 Mae) (o t) (боо —'—\>а#\/ 
sha f+ =) han kos s PT کے‎ 
кр я Rw 
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1220 A centrifugal pump impeller is rotating at 1200 rpm in. , 
the direction shown in Fig. P1220. The flow enters parallel to : 
the axis of rotation and leaves at an angle of 30° to the radial. ` 
direction. The absolute exit velocity, V}, is 90 ft/s. (a) Draw ¿> 
the velocity triangle for the impeller exit flow. (b) Estimate the ! 
torque necessary to turn the impeller if the fluid is water. What: ` 
will the impeller rotation speed become if the shaft breaks?” 


E FIGURE P12.20 


(a) The exit How velocity triangle Сад be Constructed 
Graphically as ("сафед below, 


= ft 
wih Us 20 [e (6° Fam J 
From the velocity iia _ T- Mes 
е Vere | 
Sice у= Vz Sth $0* and ha“ V, tos 30° Л. follows 
That i (OV КЕ 


ц 


2 Tan V, &s30° 


H 


££) i1; 30° . 
D d ене & -6of)sW»"| род 
( 4o £t) Cos 30° 


( con 2) 
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12.60 (tent 


Th us, trom tne Velocity triangk 


_ Ve _ be es 30". (9 £) t0530° 
с боз 12,97” (bs 12.97° Cos 12.9° 

= fi 

d 80.0 5" 


W, Th 2 and W Known , The ve locity triangle 5 
Cem pletely Уре ciae Ht. 
(b) From Ең. 12.7 with Vg, =o 
Тед" m te y (1) 


Since ; : slugs 
Po EO Ves and @ for walor thom ТЕ 5 to 198772 


= (199 A тон) (= fe) (70 J tos 30° 
= 396 I 
So thet from B4.) 
Їз = (39.6 91485) (0.5 f4)( % E) sin 30° 
89/ ft- 1 


! 


A positive {rg ue ‚у ай the same есй” as The rotation, 
When the Shalt breaks , the org HE becomes gero and The 


‚таре ller eve n hn all stops because, there is no longer a 
arivin Tovgue Jo force it jo rotate. Та a pem, the 


Shat E fovgue drives the impeller and the impeller moves 
luid. the ofh ; , 

fluid Ол а orner hand , ha turbine, the. moving Ёа 
drives the impeller . 
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12.21 Diss 4 the main yT assumptions associated 
"with Eq. 12.13 and explain why actual head rise is always less 
than ideal head rise. Discuss how ideal head rise is head “added” 
to the fluid and actual head rise is head "gained" by the fluid. : 

‚ Can Eq. 12.13 be used for a turbine? Explain in terms of ac- 

| tual and ideal changes in head. | 

EG. 12:13 js оёод assuming that no loss of avas la ble 

ONErgyg occur in the flow Throngh the pump дп pe ler. 

The achra/ head vise across the pump is thus gual 

So The (£e a / head rise across the pump minds he 

loss of available eners y suf fereol by Tho Flowing Llar ol 

because of riesen. Jhe blades add the ideal Head 
Fise amount f» the Flowing аа, however, The Flay d 
Flow loss resul yy The achiral head rise real; xed 25 
Же flowing ЗУР. being hess than rhe / dea / 

amount by fhe less, 

29. /2./3 may also be used far flav across a turbine roy, however 
me change iri head will now be negative Or tn otber Words 
the flowing fluid head will drop Across the roder. Far ther, 
this head drop across the turbine rete із фе ideal 
ameunt , or the amoun} in the absence of any bss of 
Gvai la ble Energy suffered by the thwing fhid because of 
viscosi fy. The адсл! head drop is larger Жак the 
ideal head drp Ё. diffrence due to losses, 
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Q = 0.25 ft/s 


12.22. А centrifugal radial water pump has the dimensions 
shown in Fig. P1222. The volume rate of flow is 0.25 ft/s, 
and the absolute inlet velocity i is directed radially outward. The 


angular velocity of the impeller i is 960 rpm. The exit velocity 
as seen from a coordinate system attached to the impeller can 
be assumed to be tangent to the vane at its trailing edge. 
Calculate the power required to drive the pump. 


4 


JL 
0.75 in. 


| Ш FIGURE P12.22, 
From 29. 12.1 usim leo р 

РА Ls _ ТРА 7) 
Wop apy " 4م‎ А Voz 


75 determne Ua we use 
vo (ш tet er ea, J = на 


To obten la, Wwe use the exit Velocity triangle Shown below. 


с e 


Since Voz = OU, ¬ kez Тап 35° D. 
and om ОЕ eee (0.252 беж ELE 
FZ A. kh (т) (5 RJ ) > 


it follows That H 
Voz = -~ ~ 139 tan 3b) = HON 


Ss 
W shaft - n d A Noss € fuif nmi) 


= [olo ft 
5 


12.23 | 


12.23 Water is pumped with a centrifugal pump, and measure- 
ments made on the pump indicate that fer a-flowrate of 240 gpm 
the required input power is 6 hp. For a pump efficiency of 62%, 
what is the actual head rise of the water being pumped? 


From Ef. /2.23 The pamp efficiency د‎ Gjen by Te 


e yQ ha [550 
Ё : bhp 
о That 
x | V bhp C 


ЖЬ 30 


4.1, 
_ (0.b2)(b Ap) 0 Se) 


= 61.35 
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12.24 The performance characteristics of a certain. centrif- 
ugal pump are determined from an experimental setup similar 

to that shown in Fig. 12.10. When the flowrate of a liquid (SG 

= 0.9) through the pump is 120 gpm, the pressure gage at (1) 
indicates a vacuum of 95 mm of mercury and the pressure gage 

at (2) indicates a pressure of 80 kPa. The diameter of the pipe 

at the inlet is 110 mm and at the exit it is 55 mm. If `> 
zy — 2, = 0.5 m, what is the actual head rise across the pump? 
Explain how you would estimate the pump motor power re- 
quirement. ` 


From Ez. (2.19 


eei (1 
Аа = da + 22-2, + "ES ; 
3 
Since y ФО (/20 gpm Eb. 309 x10 25] И, 
E T ш ae 
: ! X (oom) 
дий 
б V, A, = h A 
Отт N^ ا‎ t. 3444 
Š = (2797 2 . 
А р / (er ) ( i J) 


3 
Thus, From Eg. 0), with p= - Ay, On) ee} 045m) (ia3xi0 4) 
ant f= Fox ID М2, 


M 2. 2. 
/ fox 2. T (à 015 }їзэх о? m А (311%) - lam “) 
eet i ———————— 
a (0.9) (f. 80 x 107) 2. 2 (4.8 4) 


^, I LS м 
Jo estima. the pump motor power reg ujvernent Use fg. 12.23 
= у Che 
bhp (550) 
w get 


bhp = y Aha 
nGso) 


E differing values of 7, a corr’spanding bhp can be Са lesa e] 
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(2.25 Тһе performance characteristics of a certain cenwif- 
ugal pump having a 9-in.-diameter impeller and operating at 
1750 rpm are determined using an experimental setup similar 
to that shown in Fig. 12.10. The following data were obtained 
during a series of tests in which z, — z, = 0, V, = V}, and the 
fluid was water. 


О (вр) —— 
P2 T ру Ps) _ 


Power input (hp) 


20 |4 | jso fioo [120 |140 
өз fai 381 a 35. 301 | 258. 

158| 2271 2671 2.951 319| 349] 40 
Based on these data, show or plot how the actual head rise, й, 


and the pump efficiency, э, vary with the flowrate. What is the 
design flowrate for this pump? 


349| 400 


From Eg. 12.11 with £=& ana “zh 
4,2 te-fh 
Thas, for The first set of dada m The +a L Је 


Jb ne 
(o EL uve 


6&2. 16 
26 dE 


From Eg. /2. 23 O46 ж» 


7 т bhp 
and fy the first set of data m Те table 


у= (62.44, [Co gpm) те #! (tof, ) | 42. в) 


ТЕ 
(1.58 hp )( 550 Shp 


= © 287 
74-2419. 


Kemarin Va laes fr hy ana 1 Can be Cal elated їй А Simler 
manner and all values are tabulated ii The table below . 


or 


@ C4 pan) | 20 Ho бо BO | loo (zo Ito 
f (fe) | Tz | 115 | 279 | 485 | 773) b15 | ts 
n (5) | 247 | #2| 1 975 | 613 | бок | 52.4 


(cont) 
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design 


is shown below. The 


data 


at peak 


of ` The 


Æ plot 


/07 pen. 


^5 


efficiency and 


Ye ° U Guar} 
Ao E: 


x 

Y 

J 

М 

К] 

dA 

S 
i 


Flewrete, Q, gpm 


27. 


12. 


„ 12.26 It is sometimes useful to have h, — О pump performance 
curves expressed in the form of an equation. Fit the h, — О data 
given in Problem 12.25 to an equation of the form A, = h, — kQ? 
and compare the values of h, determined from the equation with 
the experimentally determined values. (Hint: Plot h, versus Q? and 
use the method of least squares to fit the data to the equation.) 


Based on the data trom Problem / 2.15, the following able 
Can Ge Created aux firm A Standard, Lear regression 
carve Ating Pregram Tne fellowmg results are obtuned. 


Q (gpm) 2o | 4o Là y» dos scd. dg 
[2 фур» ^ 4 xi^ | (G0 ^| apxi | £x 10 | охо" few x10. 19010" 
ty (Fé) | 72.8 | 7.5 | 872 | #35 | 723 |215 |575 
AL E —/ оо | 6.8/| —0.27 | 0.26 | 6397 | 2.23 |-6 57 


T Aka = de (experimental) - ha (predicted ) 


The efecto, obtained from The data “Sing linear Vegression 13 
frs 745 — 0.00176 Q C2 | 


Where ty 5 ri ft with Ф th gpm. A plot showing 
The Com parison between The experimental date quad The 
predicted results (from 2.1) 15 Shown below. 


Fi lowtade, @, gPa 
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12.28 In Example 12.3, how will the maximum height, 2, that 
the pump can be located above the water surface change if the 
water temperature is decreased to 40 °F? 


From lable 8. | tr Yor water, Va por pressure /s 0.1217 psia 
али d = 62.43 dtt? Thus, with This Change и Ё#.(2) 
ın Example 12.3 


(z) = (ж) ж.) 01) 
Е 62.49 # 
(0.7217 $, (jug I ) 


vow % EA 


- 40,4. 


is ft 


in? 


50 fact 
Cla p SUAE 


Thus, There 13 an mcrease ty height бит 740] to 9.43 f 
with decrease. in waler tem perature from 80°F to YOF. 
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12.29 А centrifugal pump with a 7-in.-diameter impeller 
has the performance characteristics shown in Fig. 12.12. The 

` pump is used to pump water at 100 °F, and the pump inlet is 
located 12 ft above the open water surface. When the flowrate 
is 200 gpm the head loss between the water surface and the 
pump inlet is 6 ft of water. Would you expect cavitation in the 
pump to be a problem? Assume standard atmospheric pressure. 
Explain how you arrived at your answer. 


From EZ. 2.23 


Zu Ф, 
N PSH, T == cem 24 ub (1) 


From Table B1 The water va por pressure ak /o0F 45 ОРИЗ psia 
and {= 62.00 ak Thus, wiTh pe /*.7 psia , 2,= I2 fé, and 
К 73 
Z4, = £46, E9. qtd 
5 _ EP vee, 
A EM S. шы c шы = ы ш. „ауу 


lb 
62. 00 Fs 


Ф 
(0. 9493 a ) ivy 105) 


62, 20 s 


= /39 ft 
From Fig 12.12 af 200 gpr 
м PSH, = ~ /2 Ft 


For proper Pump operation 
N PSH, > NPSHAR 


Since This 15 true m THis case , Wk € Xpecz Har cau tation 
и The pump would not be a Problem. ^o. 


12.20 Water at 40 °C is pumped from an opentank through 
200 m of 50-mm-diameter smooth horizontal pipe as shown in ° 
Fig. P12.20 and discharges into the atmosphere with a velocity 
of 3 m/s. Minor losses are negligible. (a) If the efficiency-of 
the pump is 70%, how much power is being supplied to the ол 
_ pump? (b) What is the NPSH, at the pump inlet? Neglect losses Ш FIGURE P12.39 
in the short section of pipe connecting the pump to the tank. 
Assume standard atmospheric pressure. 


I-$-4 


Diameter = 50 [m AR 


men V EE m 


la) [PE a < 4 y L ye 
Т t+ 4 T tzt ‚к (/) 


where =R =e, J, =o, = З mS, 2,2 Зол ae ё, = о. Thus, E3.0) 


Be comes a y? 2 
2 + A. (If =) (г) 
Also VD. (adt 
ر‎ е, * с = 3 C lo. 05m) = 22р х 05 


(6.590 x0 127) 
and trom Fig, 8.23 For smeoth pipe 40.0052. Thus, trom 


Gg (2) {827 )® 
f xu d. [i+ oons (žem )]- 3 Be San 
P laL) 


Hence, 
Power Gamed by Hud = IG hep 
3 2 
= (9.73) хә E NE }[ 5.) (3% 2530) 
= 14S X l0? Nm = Ys RW 
ANA E 
| Bwer gamed by Aiud 
д te = оше SOMES кү Уша 
Bwer supphed pump тей 
= IS RW _ Z.o74W 
6.7 ت‎ u 
(b) From Eq. 11.24 
Wess E+ k Фе 
d 23 p C3) 


| where f and Vs refer do ne pressure and Velocity at the 
| pump fulet , respectively . Ао, 


2. 2 
Ds d go 5.5 tz +d, 
¢ 24 d 2 
So That with B= фам, =°, Ерко, and 4, = 0 
(сеп?) 
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Rad — Therefore from Ё f (3) The available MPSH 1s 
m Picton 25. Py- 
NPSH, = gms + É, = 


CH 
Note Wat this result torvespotds %& E93. 2.25 with Z разное 
(Since pump 13 below reservoir) and > LI. 

From Table 8.2 Tae water vapor pressure at 0°С 
7371 X107 Nj = (Abs) and d- 
£$.0 оол Ra. /0/ k Pa 


2 
7.731 x10? N an Thus, from 


( 3 м (7374 x IW AL) 
VPSH, = loi X I М.) „ыы $m 
( 2731 x à? 2, ) (7.334 A107 = A) 


= /2.6 m 
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12.31 The centrifugal pump shown in Fig. P12.31 is net self-priming. 
That is, if the water is dramed from the pump and pipe as shown 
in Fig. P12.31(a), the pump will not draw the water into the pump 
and start pumping when the pump is turned on. However, if the 
pump is primed [i.e., filled with water as in Fig. P12.31(5)], the 


pump does start pumping water when turned on. Explain this 
behavior. 


(a) 
8WNz FIGURE P12.31 


The head-tlowtate charactenstics for a typical Centrifugal 

pump are shown ih Fig. 42.11. The maximum heed That The 
Pump бал add OCCU4rS when when Qxo (се, at start ар for example J). 

This head /5 iù terms of the Hurd in the pump. Neglecting losses 

and the velocity head Cana cavitation effects) the pump Can 
lift the Hard a height Н eg 44 | Zo The head added by The pump. 
However, tf The Fluid in The Dump is ath Care, not primed) the prt 
added 45 16 terms sf Fé ar m ef ar. Br example PEE, 
The pump Could raise water That Angh vt JÉ 15 primed (Filled 
with water) LF уде pump © hot primed (idest with air) Then 
The pump can only aise water up to а distance 


Deis з Gots) _ y ü 
= 2584 It = Soff q УУ, 
y _ боер (6и) 


lence the water will not get into the pum p. 
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[72:33] 


12.33 Owing to fouling of the pipe wall, the friction factor for the 
pipe of Example 12.4 increases from 0.02 to 0.03. Determine the 
new flowrate, assuming all other conditions remain the same. What 
is the pump efficiency at this new flowrate? Explain how a line 
valve could be used to vary the flowrate through the pipe of 
Example 12.4. Would it be better to place the valve upsi&eam or 
downstream of the pump? Why? 


With £=0.032, Eg.) i Example (2.4 becomes 


tp = oft +] 2.03 ces F a£ 415322)] 272 
Smee , y- Ф " e (£2) 
i G) CER) 
£4.U) Can be wren as 
hp = о + 2.0% ф? 
or wih Фф h gel [mia к 


fep [D 4 8420 XW? (Q (gal hni) (2) 


The intersection of  £$.(2) (the system eg uation) with the 
erfermante Curve Ё. Zhe pump, 25 shown below, Indica es 


That The new Још rate 15 » 
Q= 1400 4 | 
and the етй creney at ^ Js flowrate іх approximately 74.0 A | 


(0) 


d 


100 T 
|. | alas [= (Cle sing Li d 
= Z z 
ae ms » а Тб. 
74% юу. “Hed | ү; АЛ! r : 
ante سے سے سے‎ A ane 
LER о | , | on 4 opening valve) | 
R GO i He a nite 
es, | | 14 f = | 
iL Any 
چ‎ 40 — m ] f MÀ e 
| Efficiency 
—— MÀ diu | اس‎ j 7 М 
Syst 
201— 7 d: ў imm 
Lu 
| | | 
| | | | 
% 400 800 1200 1600 2000 2400 
(Con +) Flowrate, gai/min 
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A lhe valve acts as a variable Fictional) resistance 
to the thw. Closing The valve is Egu valent 7o adding 
friction and moving The. sys fem curve to the le 
Interysechng fhe head curve at an рема бома ponat 
/ vel Ving less flowrate than with a more open valve setting, 
This syste curve js sketched m the Figure о» the previous 
page and labeled “more bichon (elosiag valve) “ Opening The 
Valve is Similar Te removing bichon qnot moving the 
System Curve fo the right 09 fersecting he head curve 
at an operating point vols mae fbrte Ban 
with a less epen valve. seng . This System curve JS 
геле on the prev ous Page. and labeled “Wess Archon 
£ ope ning va he). 


zt would Фе genevally Letter to place the vawe 
downstream of Ihe pump to avoid. He low suction 
pressure, and cavitation Possible wilh upsteam 

placement of the vale. 
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12.34 A centrifugal pump having а head-capacity relation- 
ship given by the equation h, = 180 — 6.10 x 10702, with ` 
ћ in feet when Q is in gpm, is to be used with a system similar ` 
to that shown in Fig. 12.14. For z; — z, — 50 ft, what is the 
expected flowrate if the total length of constant-diameter pipe 

is 600 ft and the fluid is water? Assume the pipe diameter to be 

4 in. and the friction factor to be equal to 0.02. Neglect all minor 
losses. 


2 £F y“ X 

=E Esa x TE чс (1 
F toL y Р = =+ T dex gd £ y 
and with LEA =o, 42h =O, BaF, Sof, #=002, D = H ft, gnd 
L= bott ‚2. 0) becomes 


2 
4,7 Soft + 0.02 (Goo ft) И C2) 


Р qe Jt) (2)(322 f ) 
s> 
Dine E 
idi V= 21022 QUE) 
ДР 


GEA) 
Eg.) Can be дат Нен as 
2 
heg 50+ 736 Ф 
or with Ọ fh gal лэ, Е 
-4 
Жк 50 + Зр х lo cel (3) 
The pump head Capacity relahoushp 1s 
2. 
has 180- 4.10 x10" [ @ #45] 6) 


Thus, The operating pent will occur at the Sfowrate 


Where ha = T5, Or | 
En | م‎ 
Ja- Lloxl @ = Sor 3b¥x 0 


2 


So That 
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12.35 А centrifugal pump having a 6-in.-diameter impeller 
and the characteristics shown in Fig. 12.12 is to be used to pump 
gasoline through 4000 ft of commercial steel 3-in.-diameter 
pipe. The pipe connects two reservoirs having open surfaces at 
the same elevation. Determine the flowrate. Do you think this 
pump is a good choice? Explain. 
Fmp 
И V A ү?” 
+ I +t кы Z, + 
FF xU Pe F = T 2 (o 


4nd with f= =o, зу тб, 2 = 2, zd la #юоо f. aand 2 = 52 ا‎ 
(neglecting mmer losses) Eg. (1) be comes 

Fer MAD LL i (2) 

P (25, ft) (2) (32.2 f£ 

Since y=- = 904) 

А 

т) E 

E4.2) can be (orien 4S 


ENTE xn £ [ OZ) 
The Lr Lion factor depends on fe^ V D. ze р/т DU 
Gua with VIY xI ELS for „зоте 


са ЖИНИ /4 6 o (PEE 
d Cr) Ya Fe реи") э. 


For Commercial steel 3-/› diameter pipe Ces Fig. 9.22) 
$c 5 рх! 

Thus, Бу a gen ر9‎ f Can se obtain eet trom The Moody 

Chart , or the Colebrook eg uation (Eg 4.39), ana hp 

ES fron & 9 (3). Vabulated Values are Given 

т Тие following table | 


(cont) 
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(Соп? 2 


OE) фей) ke | £ | 4,09 


4o 0.0891 27x0“ 0.0208 [7.0 
30 0.178 1. 85x10) 0.0145 | 630 
/20 0.26] 2.78 x^ | 5.0187 | /37 
/éo 0.357 571 XH5| 0.0184 | ЖУ? 
200 6.9 аи 1.0182 373 
Avo | 6.535 SSX 0 | 6.0181 | 53% 


These data Che vs. Q ) are ple Hed өп Fig. /2.f2 ( Feprodutest 
below), and The flowrate at the Intersection of The system 
Curve and The pump Curve fs 


та. 


Spice at hà flowrate the pump operates near peak efficiency 
This «pe of pump would appear jo be a cod Chore 1f 


The 158 IVY nin Howrate IS at ov near The desired flu rate, 


о 40 80 120 160 200 240 280 32 
Capacity, gal/min 


- S 


12.36 Determine the new flowrate for the system described in 
Problem 12.35 if the pipe diameter is increased from 3 in. to 4 in. 
Is this pump still a good choice? Explain. 


Refer to solution # Problem 12.13. With d= Wie f Eg cy 
(Loos ft) v> 


tp f СЁ ft) (20322 +) (2) 
ana "E f ы: ET) 


(Ж) (EA) 


бе Comes 


So that 4, 245x10 £ [6G dy ( 3) 
The Reynolds number becomes | 
he = 26, = OD) og TxD O FEL) 


ИЕЛ RÈ) 


: : . - 
{ру Commercial steel #—/п chameter pipe (from Fig. £22) Ў á z43xyh . 
Thus, for a given Q, f Can £e obtained fiom Tne Коду chart, Or the 


Cle brook Ef uation CER. 235), aut ky determined trom 89.03). Tebulated 
Values aré given i the following table . 


Ф ا(‎ p£) Be £ |4,4%) 
Ho 0.084) | 453). | ooz 41 
Bo 0.178 394/0° | 0.0192 1% 9 
/2o 0.261 Zo8XJ* | 0.0/83 22,0 
Јо 0.357 2.18 410? 0.0174 55.4 
200 6.444 | 3.484105 | 6.0176 55-9 
24D 6.535 Y q240* | 0.0174 /2. 2. 
280 0.24 #8740 | 0.0172 /L 4 
322 6.78. | ESD | 0.0170 212 


These data (k, vs, 2) arc plotted on 22 /2./2 (reproduced 
en the followmg page), and The Showrate af Me Intersechon of 


Jhe system Curve dnd The pump Curve i 


E Ed 
2 с 255 min 


(cont? 
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LEN ! 
o et SR ат | 
; -F7 i Us 
О] | 
0 40 во 120 160 200 240 280 320 
Capacity, gal/min 


Since at this flowrate The Pump efficiency 15 farr lo 
/ow (^ 47%), Wt bs pump I£ wo longer a good Choe. 
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12.37 A centrifugal pump having the characteris&cs shown in 
Example 12.4 is used to pump water between two large open tanks 
through 100 ft of 8-in-diameter pipe. The pipeline contains 4 reg- 
Шаг flanged 90° elbows, a check valve, and a fully open globe 
valve. Other minor losses are negligible. Assume the friction fac- 
tor f — 0.02 for the 100-ft section of pipe. If the static head (dif- 
ference in height of fluid surfaces in the two tanks) is 30 ft, what 
is the expected flowrate? Do you think this pump is a good choice? 
Explain. 


Application of the energy e4 uation between The two free Surfaces, 
points (1) ang (22, gives 


b 2 LE C 
Ga Brae tee Йе ы УЖ, 
HH with EPA =о, vj =, =o, Gud 2,-2, = BOUE E$.0) becomes 
dup = Зо ft +24, (Cz) 


The. head 555 ferm Can be Expressed as Lad y? 


—— 


= 4, = E [0.3) + lO + 2 + 02.02 (2 fe) 2 (32236) 


with The minor loss Coefficients olames from Table £3. Also, 
„Ф. QOH) 


^ ©} Een 
Aug = 36 + 2.0 [otee] 


or fhe system £juefon Can be writen as 


and £%. €) becomes 


-5 TE а 
top = Far А02 xlo (o) CF) 
The intersection of the 
System curve (Eg. 3) with 00 M07] 


the Pump Curve jas Shown 
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That у 80. "- 
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12.38 In a chemical processing plant a liquid is pumped from an 
open tank, through a 0.1-m-diameter vertical pipe, and into another 
open tank as shown in Fig. P12.38(a). A valve is located in the 
pipe. and the minor loss coefficient for the valve as a function of 
the valve setting is shown in Fig. P12.38(b) The pump head- 
capacity relationship is given by the equation h, = 52.0 — 1.01 X 
10? Q? with h, in meters when О is in m/s. Assume the friction 


Percent valve setting 


(b) 
E FIGURE P412.38 


# vt - Ê үз? d 
сш чш page ае UA z 4, 


ene wth =f =o, 


V, =¥, =O, and F-2, 53m, Eg. becomes 


tp 


The head floss Herm can be ex pressed as 
и? 
х Ё, = (К, + £ Jz 


(4) With hme valve open Ko (Arn Fig. P 12,296) Јо Thad 


f= 02.02, £ = Зог, and D =д./лм, Eg. C2) Can be writttn as 


szem? J ye 

Е 0,02 Va Oj 

he 3344 + ЕР АША 
.0. eu 

V A4 CE) (à Im)* 


= 33m T Lar НЙ 


Gnd with 


£¢ (3) becomes 2 
A fp = 33m + Гло T &.о (724) Loci] 


2. 
hp = 23 sexo ] 9c] 


or 


(ont) 
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(И ) 


C2) 


toitu 


Сз) 


ER) 


(S) 


( Cond) 


S/Ace The pump € jieton "m 


2 
Ép = 52 0-l ol xi em] (2) 


24 (5) and £9.(4) can hs M uid Lo cdeternme The flowrate. Thus, 


33 + 5:78 X10 Ed = 52.0 —l.0f[ ×0 ds 


3 
ла @= 06.0529? 4 


(b) lf the flowrate 8 de be eat m half so Pat 
@= 0.0 527/2 = 0.0265 m/s, The heed added 54 the 
pm /5 2 
= S20- Lo 4h? (0026520 ) 
= S0.bm 
From E) with K, unkown 


SD. = Bant (K, oo 2L) (4,025 57) 
So That 


Ap 


Ё, = 243 


From Ёд. /2.29 (1) The valve would Je 132 open £o 
obtain This kK, 
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12.641 | 


. ilar penis Being in feature size at the same flow CED 


E the pumps are similar in geometry and other portant g 
ways , opera ting both of them at а fiw сое cien] | 1 
| associated with high ef e rene, would make sense. — 


| | 
И d [ 
H i + 
i | 
i i 


2-39 


12.41 What is the rationale for operating two geometrically sim- E соак Cane ater 


12:42 A centrifugal pump having an impeller diameter of 

1 m is to be constructed so that it will supply a head rise of 
200 m at a flowrate of 4.1 m?/s of water when operating at a 
speed of 1200 rpm. To study the characteristics of this pump, 

a 1/5 scale, geometrically similar model operated at the same 
speed is to be tested in the laboratory. Determine the required 
model discharge and head rise. Assume both model and pro- 
totype operate with the same efficiency (and therefore the same  . 
flow coefficient). 


For similarity The model pump must operate at the same 
Flow coefficient, Ey. /2.32, so That 


Ф _ Ф 
bos), | n» 


Where The subscript Gm) refers to Tne model and lp) do the 
prototype . Thus, 


ta m 
$E) 
and with uu Эм [Dy = HA ank Ф ж; Thera 
Q, > CED? (ж/ 2?) = 00328 2 


AM 


From E. /2. 33 


So That 


AA c wyth E es 42 p ر‎ D, / Dp * Ye, And Fap = 2007, 


A SON CE e ansa) = Jantes 
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12.73 A centrifugal pump with a 12-in.-diameter impeller 
requires a power input of 60 hp when the flowrate is 3200 gpm 
against a 60-ft head. The impeller is changed to one with a 10- 
in. diameter. Determine the expected flowrate, head, and input 
power if the pump speed remains the same. 


For geometrically similar pumps operating at The Same speed The 
effect of a Change 16 impeller diameter 45 givén by Egs. 12.39, 
12.40, /2.#/. /А#5, 


Q z gr (Eg /2.39) 
Q, 2 
дий іти $, =  32009pm , D = Zu. ر‎ ina R= /0 14. 


3 ; 3 
Фф, > 2) Фф x MEC ) (3200 рт) = [950 427 


/2. in. = 


From £2. /2. #0 


2. 
das is 2, $72 /2. 40) 
Ža. + 

2. 


f 
a 
R 


So that wih ha, 


ц 


(By he, = [12> ) teo tt) = F17 d 


4; 1217. 


Stmilarlg From Eg. 1241 
W sheft, 8 D 
W зый» De 
auck with Ира, = 60hp 


5 2 
г s A N a a Ap )= 24l hp 
W tefl у i ) Мм, /Z in. о Р) س‎ 


(E3. /2.44 ) 
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12.4 Dothehead-flowrate data shown in Fig. 12.12 appear 
to follow the similarity laws as expressed by Eqs. 12.39 and 
12.40? Explain. 


The data im Fig l2./2 show the effect ef chargng Impeller 
diameter оп fead-Siowitate characteristics. According to The 
Similarity laws CX pressed by Еў. /2. 34 gnet 273. /2. ko 


2 we 
Bu ў (Eg, 12.39) 


la 
Ha, . 2, (Eg, 2) 
Ла De 
Thus у 45 Jue diameter bs Increased rom biù. do 7H te fn. 


ne Tlowvete Increases according to Sf. 1234 «5 


(From bin. тд.) E(B), = ( 25 yg = Juv p 


and 
| 27 : 
Crom bin. to Pn.) Gal z= y Q, = 2.379, 


Зот ida ru, trom EG. 12.4o 
cae bin. +o 7,5. ) eae he, ste )4 a = |, 3b ha, 


And 


( trom b/h. to bin. ) ee yh Я = 178 ha, 


Thus, for any wen і Sach ао CA) Where Фф 120 4pm and 


hg = Zso FE (see д. 1212 en Иә Page) f, The bth 
diameter din pellet, The Coerresponding predicted Point would be 


£& (Db) Where 
a » Pr = (59) (120g pm) = /41 ppm 


4 = (136) (250 ft) F 34o fÉ 


( Сол J 
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р = maaan 
| 
4 


{ i | xr 
сша ар $ 
80 120 160 200 240 280 320 0 
Capacity, gal/min 


Similarly | for The 8-1n diameter le the predicted Pont, 
Point (С), Lontet be at 

QZ 37) (120 gpm ) - ZY gpm 
Gna hy, = (128) leso ft) 7 4S f£ 


Ponts BJ ana (€) Lall near Tre Corresponding curves 1# 
Fig. 12.12 thereby demonstrating that They do appear to 


follow The similarity flaws. Yes. 


Vote duat according do The Stmilanty laws She бй. diameter 
curve ıs simply translated to Тие right and upwara Le 
obtain The Corresponding Nhead-flowrate Curves hr The Ti. and 
£-1n. diameter pumps . Lt is clear from Fig. 12.12 That 
fi is Fenerally how The Three Curves are related, 
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12.45 A centrifugal pump has the performance characteristics 
of the pump with the 6-in.-diameter impeller described in Fig. 
12.12. Note that the pump in this figure is operating at 3500 rpm. 
What is the expected head gained if the speed of this pump is 
reduced to 2800 rpm while operating at peak efficiency? 


From fig. /2. /2- for the b-in. ameter Impeller operating at 3520rpm, 
Ф = 170 gpm and ha = 230 fé when operatin 4 at peak efficiency 
( See Figure below ) . Thus ? sf The pump 15 sti l] operated at peak 
efficiency wim Tne Speed reduced Yo 2800 rpm Then from 


Eg. /2.3( 
= m £ ( Ey. /2. 26 ) 
2. 2. 
So That 159 T (ee rpm 
@, 22, Ф, = 2520 rpm Дед 18 ЕЕЕ 


From 9. 12.37 


du x ‘о, Е (Eg, 12.37) 
Yea a 
so That 4h ag _ [фот Y 
ha, = p А, ~- E ) (230 А) = VTE 


SEN 


o 40 80 120 160 200 240 280 320 
Capacity, gal/min 
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12.46 А centrifugal pump provides a flowrate of 500 gpm 
when operating at 1750 rpm against a 200-ft head. Determine 
the pump’s flowrate and developed head if the pump speed is 
increased to 3500 rpm. 


Fer а gwen pump The effect of a Change / speed on Ф 
чий ha 3 Jèn by €f» (236 ana 12.37. Thus, 


Q; Gi (2 
—— х جات‎ ‚ /2.3& 
Qt j./2.35) 
and with f = S00gem , b, = 1750 gm, 4nd 10, = 3500 rpm , Then 
sU o (3500 rpm) CUTE 
Ye ES (7750 rpm) ($0.9) 


Similarly 
d 2 
te = E (Ёз. 12.37) 
Re, 22 


So That with he, = 200 F£ 


2 ee 4. = seat) ( 200 ft) 


1750 rpm 


= 500 f£ 
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| 12.47 Explain how Fig. 12.18 was constructed from test data. Why 
` is this use of specific speed important? Illustrate with a specific 
example. Р 


- A variety of pump configurations like the ones shown in 

: Fig. 12.18 were tested over a range of flow rates. 

` Performance data like those shown in Fig. 12.17 were 

` acquired. For each pump configuration, the operation at 
. . maximum efficiency was noted and the specific speed, N, , 
` (Eq. 12. 43) was calculated for that condition of flow. 

- These specific speed values calculated at maximum 

efficiency operation were then used to distribute the 
. different pump configurations as shown in Fig. 12.18. 


| Specific speed is important because from desired design 
- operational data ( € , Q, and h, ) a specific speed value can 
|. ` be determined. With that value of specific speed and Fig. 
— - 12.18 the designer can decide what kind of pump 
. . configuration to use for maximum efficiency operation. 
"^: For example, at lower values of specific speed, a 
centrifugal pump 1s generally best. At higher values of 
. specific speed, an axial-flow pump may be best. In between 
. values of specific speed may suggest that a mixed-flow 
pump would serve most efficiently. 
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12.48 Use the data given in Problem 12.25 and plot the dimen- 
sionless coefficients Cy, Су, 7) versus Со for this pump. Calculate 
a meaningful value of specific speed, discuss its usefulness, and 
compare the result with data of Fig. 12.18. 


From Problem /225 the УУД, dela Were obtained ! 


Q (3pm ) Zo | 4 bo 80 bo | /20 о 
42.5 72.9 87.7 53.5 77.3 695 SGS 
4, Gt) 


7 (h) 23.7 LE 49.9 57.7 £43 | boy | $24 
Power 458 2.27 2.67 2.957 29 2.4 ls 
ıiput( hp) 


- 7 
Бу w= (1750 EE ler ES Y zk ee and D= AA 17 


f linus Thad 
АФ Ф. = D goo ye оф, ) 
Ф Lo b kad 3 
(I3 *® ) (А) 
z88x 10 Ф (gpm) 
_ pha _ (222% ) 4,44) 
WD? (1833 yY (Lay 
L70 X0? 4, (9 
Wish — Viu Chp )( SE а ) 
eurem Pe РОО Бър. 
(UTD (1а Supr ea 3G BY 


-4 * 
= |4 X10 Woe, СР) 
Based on The data above: 


1 


Hu 


u 


OlGpm)| 22 4o £o go foo | so | 1% 
Co 57645 "| tsx) 173 x0 23007| 280 | иис #03103 
Cy A/S | ази | alee | alta | 21307 | ondt | otot 
(Р 3.07 x0 вет" EYI бло") tab Ст T10 
7 OT ОЕ ЖЛЕ Жо | ee 


C Cont) 
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72. 48 | (con't) 


The plot of Cy, о, 1 Versus Co 13 shown below. 


0.20 


6,15 


Ale 


203 


Ce 


М ^ бу (1p) а (врт). 
[4,6 ] ^ 
= / Y at = 6. 3% 
| So for @ >= loo gp VAN / 
| N, + (1750 трт) flog) сл 


[ (77.3 +) | Ы 


| which 15 within the range of М values Jor vad ia/ Hon! 
| pumps In Fs. 12./8 
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12.49 Ina certain application a pump is required to deliver 5000 
gpm against a 300-ft head when operating at 1200 rpm. What type 
of pump would you recommend? 


for d Sooo gpm, Ay = Seo ft, and i= zo0hpm, the 
Specific Speed s 
Ny _ 0 m) Jo Gem) 
TA 
(1200 rpm) | Ste gpm 
( Зоо fe) * " 
= [480 


nn 


From Fig. /2. 1S ut This bec fé Spee of а radial 
flow Lump (Сеийт! pump) luould be recommended . 
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12.53 А certain axial-flow pump has a specific speed of 
Ns = 5.0. If the pump is expected to deliver 3000 gpm when 
operating against a 15-ft head, at what speed (rpm) should the 
pump be run? 


Since 


о Cradh) f p MD 
P» 4, 6«)] "^ 
for AS 5,0, ff 3 2246; 4, = IS fe Gad wita 


© мәз РЕ od 
d (748 E (bo in ) 


T Follows That 


| 
97 (22 iie ( / #4) 
рш). ل‎ 


ү b L8 ££ 
5 
= [qq 3 


Hence Zo (rpm) = (144 md ) (bofa) 


rad 
27 rev 


= [900 rpm 
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12.54 A certain pump is known to have a capacity of 3 m?/s 
when operating at a speed of 60 rad/s against a head of 20 m. 
Based on the infermation in Fig. 12.18, would you recommend 
a radial-flow, mixed-flow, or axial-flow pump? 


Since 
eru) / O m/s) 
Ng * 3), 
VECES 
for = 60 rad/s ф = 3/5, dum 7 81 mls’ uot 4, = 20а 
_ (Go raals J | S vs 
ST een aa з), 
NELLO) 


= 1,78 
From Fig, 12,18 wima Мр L978 The pump 15 


a Mmixed-flow pump. 
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12.55 Fuel oil (sp. wt = 48.0 lb/ft’, viscosity = 2.0 х 
107? 1b.s/ft?) is pumped through the piping system of Fig. 
P12. with a velocity of 4.6 ft/s. The pressure 200 ft upstrearn 
from the pump is 5 psi. Pipe losses downstream from the pump. 
are negligible, but minor losses are not (minor loss coefficients 
are given on the figure). (a) For a pipe diameter of 2 in. with a 
relative roughness є/ 2 == 0.001, determine the head that must 
be added by the pump. (b) For a pump operating speed of 1750 
rpm, what type of pump (radial-flow, mixed-flow, or axial-flow) 
would you recommend for this application? (K = 10. 0) 


B FIGURE P12. 55 


C1) 


5 - a r 
(д) fo کوھب وب‎ Beat 24. 


d 
Г 
Wrin (= #8, 0 1b/ ft" , p=asps:, f = o, = 44 Hefs, o and 
Z,-2,* 20 ft, Eg.) € comes 


) (re 2) (44 )* 


ws +t, = 2o + Z4, (г) 
48.0 2 , 2 (32.2 fÆ) 
The head p^ be npe as (444) 
=] юр +S + 10 + Te 
p eu oc ыс 2 2)(32.2 f£ 
Valve elbow exit TR (2) 5) 
The Kegnolds number 15 
7 72. (#2 ICSE 
T AE. = 82.2 f£ 5 / ГА 
fe жыз ق‎ акны es ИШТ AG MM TP 


— 1:5 
„б XİD ese 
of т. 


ana with n= 0,001 f= 20026 (Am Fug. 423). 
Thus , Ё = 134 ft Aut Firm £2 (2) 


p= 18.3 ft 
(5) Since (p= yA = (tk JOE ые A #8 
ud Q- (010 E ) (zug Z )éeii)7 о fpa 


The specific Speed ad 1750 “рт /5 
lo (крах) | Capo) _ 1750 rpm) |) #У, o gom noeud 
Г.с" Гез]? 


For This speci tie speed a radal-Fflow ump would be 
recommand der Suis. AP Ca IA (ser Fig, 12.18), 
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` 12.56 The axial-flow pump shown in Fig, 12.19 is designed to 
move 5000 gal/min of water over a head rise of 5 ft of water. Es- 
timate the motor power requirement and the UV, needed to achieve | | | 
this flowrate on a continuous basis. Comment оп any cautions as- NICK, 
seciated with where the pump is placed vertically in the pipe. | 


| Е Frage £3. 12.21 we get the power equivalent? to the head Y rise 
. and. flowrate Moked. This is the minimum power regu nied we 
бейте the. Performance specified. 


Р = ?@Л„ 


са 


TAS (09) r 
= баж А үе 2) ! в} | 
ze on 2.4. [7 60 => 250 

= ( E) Cg rnin) : 2 Te 


Р = &./ hp 


fe es timate the sheft or тоу power КЕТ we need h 


po | assume the efficiency of fhe Conversion of. “shaft o by: metor 
Samer. pene into the pump pertwmance peel hed. 


= Р @ tw #0 бету 


; дуе velated 1h &. 12.4 наді, 
-mUW = РАМ СД = fees 


«no Coa Жу em туз 


=) 


ч 
|2 


(con't ) 
12-63 


коа con't ) 
T “The main Caution in Placing the Pump vertically m a 
Е (p fake pipe is + do so th а way 3o avoid - 
Cavi tahon th The pump. The collapse of — | 
` pu bblles m The pump Can Crede pump blade and oer 
Wetted surfaces. Appl lying е energy equation , 4.5 x ty 
between the Hee surface (1) amoa the pump enhance (2) we | 
ge? | - 


2 2. 


Bis az + r2 -h, 
Ü j 


So 


and to maxime Б, we minimize Z,-2,. To achieve 
| 7 


de 
руе. This will tend to kæp р, high — %- amid _ 

 Cavifahtn which occurs when Р, and for Yelale. pressures p 
Jh the pump became (ss fhan the viper м. of | | 
the fluid. 


this we Place the pump high verticall 2 The id 
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12.6 |. Consider the Pelton ax hes canbe illustrated in Figs. 
- 12.24, 12.25, 12.26, and 12.27. This kind of turbine is used to 
drive the oscillating sprinkler shown in Videe V12.3 Explain 
how this kind of sprinkler is started, and subsequently operated 
at constant oscillating speed. What is the physical significance 
of the zero torque condition with the Pelton wheel rotating? 


As shown on page 775 below Eg. 12. $0 


Dn = mr (U-w)n- с ) = 
fo фу no rolafen of fhe whee] or Us 0, the variation 
of A РА with changing m KŚ linear. When 2 heft "n 
just lavger than the ж; Yovgne. provided by 4 

Ан die Helen sul ЧЫЙ au ate | 
Же osullafue of the sprinkler, АЎ» wheel NUT 
polation and sprinkler oscillation begins ату 
Conil! value of m and T, results. ma Loic] 


helt 
Constan} value. of СГ and Saas rotator speed 


and also oscillation period . 


If the shaft cwmnechag the oscillating sprinkle 
to the Peltor Whee) breaks during operation , ae 
the Sprinkler wil) Cease osci llah 93 and the eae 
Fel tm wheel will run al constant rotator Е | 
Speed correspond ing fo Uszy 
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12.62. 


mean radius of the turbine is 1 m., and the exit angle of the blade : 
is 135? relative to the blade motion. Water is supplied through a 
single 0.20-in.-diameter nozzle at a speed of 50 ft/s. Determine the 
flowrate, the maximum torque developed, and the maximum power 
developed by this turbine. 


Ы FIGURE P12.62 


| Ior he Б TE Shon 
| Q-AM = Zi! =F C228) (eo) 


(| From Fig. 11.22 -—— 


= 0.20in 
шкы mi E 
and «guias | 
М, "E 0.2.5 m V (1- cos Q) | 
5 тах 


2 [vas 
where m = 0Q = 19% SHE (0.0104 i) 20.0211 sas 


| : Thus, 


That... 709026 77 shes (75 Н) (so #)(I- сд) 0.150 ш Ж 
5 = 0,150 ft: i 
and 0,150 НАБ 
sies it? 195°) = 22,5 slugs fl 
ke ИНУ "Tm 
or 


| БИ T р 
Ип 727575 уро FE “ ©: Mm 
max 
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12.63 The single-stage, axial-flow turbomachine shown. in Fig. 
P12.63 involves water flow at a volumetric flowrate of 9 m?/s. The 
rotor revolves at 600 rpm. The inner and outer radii of the annu- 
lar flow path through the stage are 0.46 and 0.61 m, and B; = 60°. 
The flow entering the rotor row and leaving the stator row is ax- 
ial when viewed from the stationary casing. Is this device a tur- 
bine or a pump? Estimate the amount of power transferred to or 
from the fluid. 


BFIGURE P12.63 


ШУ = т(%Ъ\»- ОМ) where Vo, =O © 


and | i) 
- E Fitio) И 8 

= W pean = to ШЕ 17° . Thus, with ш "(soo ет) mie) (27 Ted). 62. в Lat 
this gives 

U, = (62.8 100) ( 246m лойт, 2 33.42 
Also, 

a p 3 

т = 0Q = 244 E, (9л = 999/ Ы 
Bul Q- L^ созбо" Az or SINCE А, = (л, xt) 

23 

№ - ? 2 


7 20580°(0,41* -0.22mi T 85.7 
Hence, from the velocity triangle, 
ГАЙ =-W2 sinbo +U, 

= ~ 35.7 5/0640 +33,6 = 2,70 т 


From £e. (J: 


What: = (8991 k )(33.42)(2.209*) = 8,/ 4x 1/0 >0 


The device is an 816 kW pump 
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12. 64 Describes what will happen when the flow through the - 
turbomachine of Fig. P12.62 is in the opposite direction (right 


to left) and the shaft is freed up to rotate in response to the re- ` 
versed flow. 


when How is reversed as shown in the sketch above aM. the 
velocity of the flow out of the stationary е row (now а, 
h033le) will leave at approximalely the blade exit angle. The 
magnitude of V, will defend on the magni bade of the 
flowrate Q . From the velocity triangles e above 
we conclude that the rotor will now move ina 
direction opposite do the one of problem (2-44. ine | 
rotov spec d will depend on values of 6 аиа the restraining 
shaft torque, T. From the velocity friangles we also 
conclude that the Била frees on the movin blade : 
geetions ove m the same direcho as blade pun | о 
the fluid is doting work on the сак The с, 
ho acting as a turbine . Wate т in (U ДА Am 


May be used to delkvwwe shaft power. 
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12:65 | 


` 12.65 For an air habias ОЁ а dentist’s drill like the one shown in 
: | Fig. E12.8 and Video V12.4 calculate the average blade speed as- 
^ sociated with a rotational speed of 350,000 rpm. Estimate the air 
ст pressure needed to run this turbine. 


icd bd id 
i go: Н id 
—Ó—— —— OETA ER AN T | 


We calculate the average blade speed , U, frm 


Ж 


U = u = (K+ Jw = (0. 133+ 0.168. м. (бою re tev bo a) | 
(2 è ta ED 3 lle уты 


U = 454 ft 
ss s 


To estimate the air pressure, р, needed ‘fo vun this я i 

ci durbine , we eshmale that the nozzle exit velocity... eu 
is abe Avice as lenge as the average bide 

5o x КЕ 

V221U = яв ftu Dodo Fes 


fe, fhe Сте mdm; Mach number , м, lis =o bly 


шш ee. Ж c С LE J 
| c 1100 700 TY 


FP x e(l MT) = 17 prin | 
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.12. 66 Water for a Pelton wheel turbine flows from the head- 
water and through the penstock as shown in Fig. P12, 6$. The 


effective friction factor for the penstock, control valves,and the 
‘like is 0.032 and the diameter of the jet is 0. 20 m. Determine 
the maximum poweroutput ~ 


Elevation z 975 m 
(9 s, 


| V EHE Elevation = 250 m 
0.20 m 
B FIGURE P12. 66 


Whati E eqU(v-v J(1-cesg) or fer maximum power ё -/80". U- M. 
Thos, | 


7 =- oQ x (1) 
Вай! ~ e 2. 
Max 


But Без 2 +2, = keat ag элн ÉL where fi f=, 2,=9757, 
2,22507, and Vo= 
2 2 | 
£o "zd EZ where AV = AV | e) 


Вазу = рУ. That is V- (1) v, =( GE) V e o ovo 


Hence, 


or 


0.9m 


so thal £e, (2) becomes: | 


975 т = 250m + teers! +0, 032 ( 1022#) (o ово) ] where |^. 2 
or Vs = Ina T 


Hence, 
Q = AV = 2(0.2m) 43) = 3.562 


Therefore, trom Eq. (P: 


: m 
Wehatt = -(##7 4)3. (Wass) = 23206 М" сз 25200 kW 
max Баана 
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12.6 7  WatertorunaPelton wheelis supplied by a penstock 
of length € and diameter D with a friction factor f. If the only 
losses associated with the flow in the penstock are due to pipe 
friction, shown that the maximum power output of the tur- 


bine occurs when the nozzle diameter, D,, is given by D, 
D/(Qf€/D)"*. 


ПАР = бё] (07-\,)(1-соз@) so the maximum power Pus occurs 
with @=/80° апа U= = И . Thos, 


LE cg dt where a) 


fe + We AET hes Baa tthe 


ve oe) Vo =0, and %-2,=h. This, 

hese tee where since AYAV or 207 - = FDY we have 
2 

y 7 (5) V 

Therefore, ћ = = [+t 2,1 or zi 


y 


h 
A = [ret LDF] 


БЕЛ 
mn = Pah — = ez D Vh ' = gh 
Se 7 (HE) (1+2. 20) uM ( (fd s bf)* а> 


For this problem f £, D and h are constants ; D, is variable. 
Thus, from Egs. (2) and (2) 


| 
and £e. (N gives 


i 


А? 7 Kb; ‚Ж where K =const. , and C= cons}. = th 
I 2c D 


Note: Whati — 0 as D,—>0 ahd Qs D, —00 , 70 йла the D, thal gives 


maximym power over all, sef LH 0 


Мын _ _2KD | 
т sl 1- get. 0O, or | 3 C Df - Scb". or D*=z¢ 
З __D | 
Thus, д, ғ CEY = (2tD* | 


12.68 А hydraulic turbine operating at 180 rpm with а head of 
100 feet develops 20,000 horsepower. Estimate the power if the 
same turbine were to operate under a head of 50 fl 
Since. hydraulic turbine tle is incampressi ble, we use the dimensjmless paramekrs 
developed for hydraulic porns , namely 5 Flow, head and power coefficients. [ov 
this situation we specify operator at the same efficlency and thus How 
cocthicient with one half the head. Thus, head coefhicienft remains 


Constant and aA = ahr 
1 


zn 2. м2, 
w*D wb 


so with D,* D; and 9,=92' 
{00 50 
—— = „ШШ. = [2 
(180) Cu ог а (2 rm ; | 
"Shatt _ м) 
2. 


Aso power сое сеп is the Same 50 IT = ETPS 
so with D, =D, and = e: 


20 000 мд. РЕ Ир = 1,000 hp. — 
„ез ДЕ ЗВ l 4 1 
(100) 021) ic салы 


7 
7 
4 


д 


12.69 Draft tubes as shown in Fig. P12,69 are often in- 
Stalled at the exit of Kaplan and Francis turbines. Explain why 
such draft tubes are advantageous. 


Draft tube 


B FIGURE P12. 69 
Without the draft tube there would be a relatively high speed exit jet 

( speed V,, pressure p,=0). With the draft lube (which acts qs a 
diffuser) the exit speed is much smaller (M x0 7 p29). From Bernovlly 
eqvation it follows that <0 (with the draft tube). Hence there is а 
larger head available to the turbine. More energy can be removed 


from the thid, | 


No _ Ww Wshatt _ 60 ухо“ 
ША Badii Beli tra BOR ад pics 


12.70 Turbines are to be designed to develop 30,000 horse- 
power while operating under a head of 70 ft and an angular 
velocity of 60 rpm. What type of turbines is best suited for this 
purpose? Estimate the flowrate needed. 


Мар = 30000 hp 7 hr = 7Ufl ; and w= 60rpp $0 thal 


i " = 513 For this valve a Francis 
» 5/4 —_——_— 
ШЕ turbine would be appropiate. _ 
Also SINCE Wer otf = YQ. it follows thal | | 


Ман _ (36000 hp)(550 LD 


fH 
= =378> 
0= ур, (2.4 170 p. 
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- 12.71 Showhow you would estimate the relationship between fea- 
ture size and power production for a wind turbine like the one . 
shown in Video vu. 1. й 


To NON the. т between "M se ana ( power | 
produchon fe» a wind turbine we use the dimensionless 
pi rms of Es. 12-29 ама 12:30 which ave applicable for 
this incom pressible Flow. fw similar turbines ana opevaatin: н} (endi tions 


W hof] | E Watt 2. | 
wD? 1p | 
ond 
Gha, ghar 
LS 
бй, wy D, | 
$n c£ P = 4 amd har = har, we combine and get | 
р 2 
W pal l = D, 
Ё L 
W chef 2 D 


ду power Va vies with feature Size sf гаме. 
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12.72 Test data for the small Francis turbine shown in Fig. 
P1232 is given in the table below. The test was run at a constant 62 in E 5 
32.8 ft head just upstream of the turbine. The Prony brake on 


the turbine output shaft was adjusted to give various angular Й 
velocities, and the force on the brake апп, Е, was recorded. Use 

the given data to plot curves of torgue as a function of angular . 
velocity and turbine efficiency as a function ef angular velecity. 


LN arm 
Df Brake cord 


o (rpm) | Q (83/5) | F Ub) 


0 0.129 2.63 

1000 0.129 2.40 

1500 0.129 2.22 

Е 1870 0.124 1.91 
2170 0.118 1.49 


2350 0.0942 0.876 
2580 0.0766 0.337 
2710 0.068 0.089 


FIGURE P12.72 


Since £ /l, =0 for the brake arm il 
follows that F£- Er-FE,r 


Also, the torqve on the turbine 

5 Т= Бг - 3 ag 
тш" 

Also 


nus F^ lb (ч) 


d where h, =32.8 ft 1 Р, 
Thus, 
y= (TEDO Bis Imin 22124) 
(6248 B)(Q f£) (32.8) 
or 
y= аш х5 LY where Т filh , шерт, Q~cts (2) 


@ 
Valves of 7 and p are given in the table below and platted in the 
graphs shown. 


(coni) 
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/2. 72 | (con't) 


_w, rem | Tb | 7 

О | /.397 0 
1000 1.278 0.506 
1500 7.179 0.701 
1870 NOG — 0.783 
21 70 0-792 0.7#5 
2350 0:665 0.593 
2580 0.174 0. 308 


27/0 | 0.047 0.096 | 
14 | ES | : IS EN ES | po 7 Sere грч ререр тех Tuc MM poses 


оьр 


ож |. oH 


0.2 


ља аа 


o 1000 CU, rpm 2000 2069 
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12.74 Тһе device shown in Fig. Р12, {#15 used to investi- 
gate the power produced by a Pelton wheel turbine. Water sup- 
plied at a constant flowrate issues from a nozzle and strikes the 
turbine buckets as indicated. The angular velocity, w, of the 
turbine wheel is varied by adjusting the tension on the Prony 
brake spring, thereby varying the torque, Tna» applied to the 
output shaft. This torque can be determined from the measured 
force, R, needed to keep the brake asm stationary as Tyan = 
. F6, where € is the moment arm of the brake force. 


Brake shoe 


in the following table. Use these results to plot a graph of torque 
as a function of the angular velocity. On another graph plot 
the power output, W gan = Тал c, as a function of the angular 
velocity. On each of these graphs plot the theoretical curves for : 
this turbine, assuming 100 percent efficiency. 

Compare the experimental and theoretical results and dis- 
cuss some possible reasons for any differences between them. 


w (rpm) R (Ib) 
0 2.47 

360 1.91 
450 1.84 
600 1.69 
700 1.55 
940 1.17 
1120 0.89 
1480 0.16 


Experimentally determined values of о and R are shown cm—R AO) ~~ 


0.542 ft/s ` 


( a) Experimental : T= Rb=(0.5t)R or T=05R filb , where R~lb a) 


and Иш = Tw =T (u) ( (m) (Bee) 


or Ip : 
Шр = 0.1047 TW ЕЁ where 7-Б w~ rg 


(2) 


Valves of w,T, and Wain are given in the fable and graph below, 


(5) Theoretical : 7 = mr (U =, (Ices) where ASS VINE @ =/80°, 


Q osn _ 
Vs = тушан 5273, and 
# (7 


m= p? = (124 sh) (0,542 P) = 0.105 slugs 
Hence, with Us 2 = (aH) FH rad) = o, pu S W 7 nh 
Т = (0.105 PP 02424 -53.7] Ё 


T = 1.4] [4.88x0 w -I] fb 7 where w~ rpm 
(con't) 
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or 


(э) 


42,14 | (con) 
. Я ep 
Also, Ща Tw = TG w) = 0.1047 Ta fA where T~H-/h, штер? 


Values of T and №, р from Eqs. land (€) are plotted in the graph 


below. ous] " 
experimen ery , | 
rpm) T, FEID Wu, нй -7, feb! Mast, fri 
0 1.235 О 14] О 
360 0.95.5 36.0 1.16 43,8 
450 | 0.920 43,3. 4,190 51.8 
600 0.845 53.1 0.997 62.6 
700 0.775 56.8 0.928 68.0 
940 0.595 576 0.763 75.1 
1120 0.445 52.2 0.639 75.0 
/480 0.080 12.4 0.392 60.7 


1.0 
ов E 


SE m Kiki А 


ож be 


om s 
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